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MOONSHINE BIBLE 270 page book covering the production of 
alchohol from potatoes, rice, grains etc Drawings of simple home 
made stills right through to commercial systems. £15 ref MS1 
NEW HIGH POWER MINI BUG With a range of 800 metres or 
more and up to 100 hours use from a PP3 this will be popular! Bug 
measures less than 1" square! £28 Ref LOT 102. 

SINCLAIR C& MOTORS We have a new ones available without 
gearboxes at £50 ref LOT25 

BUILD YOU OWN WINDFARM FROM SCRAP New 
publication gives step by step guide to building wind generators. 
Amed with this publication and a good local scrap yard could make 
you self sufficient in electricity! £12 ref LOT81 

PC KEYBOARDS PS2 connector, top quality suitable for all 286/ 
386/486 etc £10 ref PCKB. 10 for £65. 

TRACKING TRANSMITTER range 1.5-5 miles, 5,000 hours on 
AA batteries, also transmits info on car direction and motion!Works 
with any FM radio. 1.5" square. £65 ref LOT101 

ELECTRIC DOOR LOCKS Complete lock with both Yale lock 
and 12v operated deadlock (keys included) £10 ref LOT99 
GALLIUM ARSENIDE FISHEYE PHOTO DIODES Complete 
with suggested circuits for long range communications\switching 
£12 complete. 

SURVEILLANCE TELESCOPE Superb Russian zoom 
telescope adjustable from 15x to 60x! complete with metal tripod 
(imposible to use without this on the higher settings) 66mm lense, 
leather carrying case £149 ref BAR69 

WIRELESS VIDEO BUG KIT Transmits video and audio 
signals from a minature CCTV camera (included) to any standard 
television! All the components including a PP3 battery will fit into a 
cigarette packet with the lens requiring a hole about 3mm diameter. 
Supplied with telescopic aerial but a piece of wire about 4" long will 
still give a range of up to 100 metres. A single PP3 will probably give 
less than 1 hours use. £99 REF EP79. (probably not licensable!) 
CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v 
100mA. auto electronic shutter, 3.6mm F2 lens, CCIR, 512x492 
pixels, video output is 1v p-p (75 ohm). Works directly into a scart or 
video input on a tv or video. IR sensitive. £79.95 ref EF 137. 

IR LAMP KIT Suitable for the above camera enables the camera 
to be used in total darkness! £5.99 ref EF 138. 

REMOTE CONTROLTANDATA TD1400 MODEM/ 
VIEW DATA Complete system comprising 1200/75 modem, auto 
dialler, infra red remote keyboard, (could be adapted for PC use?) 
psu, UHF and RGB output, phone lead, RS232 output, composite 


output. Absolute bargain for parts alone! !£9.95 ref BAR33. 
9 WATT CHIEFTAN TANK LASERS 


Double beam units designed to fitin the gun barrel ofatank, each unit 
has two semi conductor lasers and motor drive units for alignement. 
7 mile range, full circuit diagrams, new price £50,000? us? £349. 
Each unit has two gallium Arsenide injection lasers, 1 x 9 watt, 1 x 
3 watt, 900nm wavelength, 28vdc, 600hz pulse frequency. The units 
also contain an electronic receiver to detect reflected signals from 


targets. five or more units £299 ea. £349 for one. Ref LOT4. 


TWO WAY MIRROR KIT Inciudes special adhesive film tomake 
two way mirror(s) up to 60°x20". (glass not included) includes full 
instructions. £12 ref TW1. 

NEW LOW PRICED COMPUTER/WORKSHOP/H-FFIRCB 
UNITS Complete protection from faulty equipment for everybody! 
Inline unitfitsin standard IEC lead (extends itby 750mm), fittedinless 
than 10 seconds, reset/test button, 10A rating. £6.99 each ref LOTS. 
Or apack of 10 at£49.90 ref LOTE. If you want a box of 100 you can 
have one for £250! 





RADIO CONTROLLED CARS FROM £6 
EACH!!!! Allreturns from famous manufacturer, 
3. types available, single channel 
(left, right, forwards, backwards) £6 refLOT1. Two 
channel with more features £12 ref LOT2. 


THOUSANDS AVAILABLE RING/FAX FOR DETAILS! 
MAGNETIC CARD READERS (Swipes) £9.95 Cased with 
flyleads, designed to read standard credit cards! they have 3 wires 
coming out of the head so they may write as well? complete with 
control elctronics PCB. just £9.95 ref BAR31 

WANT TO MAKE SOME MONEY? STUCK FOR AN 
IDEA? We have collated 140 business manuals that give you 
information on setting up different businesses, you peruse these at 
your leisure using the text editor on your PC. Also included is the 
certificate enabling you to reproduce (and sell) the manuals as much 
as you like! £14 ref EP 74 

PANORAMIC CAMERA OFFER Takes double width 
photographs using standard 35mm film. Use in horizontal or vertical 
mode. Complete with strap £7.99 ref BAR1 

COIN OPERATED TIMER KIT Complete with coinslot 
mechanism, adjustable time delay, relay output, put a coinslot on 
anything you like! TV,s, videos, fridges, drinks cupboards, HIFI. 
takes 50p's and £1 coins. DC operated, price just£7.99 ref BAR27. 
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom, 
metal construction, built in light, shrimp farm, group viewing screen, 
lots of accessories. £29 ref ANAYLT. 

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BAR34 
PLASMA SCREENS 222x310mm, no data hence €4.99 ref 
BAR67 

NIGHTSIGHTS Model TZS4 with infra red illuminator, views up to 
75 metres in full darkness ininfrared mode, 150m range, 45mm lens, 
13 deg angle of view, focussing range 1.5m toinfinity. 2 AA batteries 
required. 950g weight. £199 ref BAR61. 1 years warranty 
LIQUID CRYSTAL DISPLAYS Bargain prices, 

16 character 2 line, 99x24mm £2.99 ref SM1623A 

20 character 2 line, 83x19mm £3.99 ref SM2020A 

16 character 4 line, 62x25mm £5.99 ref SMC1640A 
TAL-1 110MM NEWTONIAN REFLECTOR TELESCOPE 
Russian. Superb astronomical 'scope, everything you need for some 


*SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 





details £249 ref TAL-1 

CENTRAL POINT PC TOOLS Award winning software, 1,300 
virus checker, memory optimiser, disc optimiser, file compression, 
low level formatting, backup scheduler, disk defragmenter, undelete, 
4calculators, Dbase, disc editor, over 40 viewers, remote computing, 
password protection, encryption, comprehensive manual supplied 
etc £25 ref lot 97 3.5" disks. 

GOT AN EXPENSIVE BIKE? You need one ofour bottle alarms, 
they look like a standard water bottle, but open the top, insert a key to 
activate a motion sensor alarm built inside. Fits all standard bottle 
carriers, supplied with two keys. SALE PRICE €7.99 REF SA32. 
GOT AN EXPENSIVE ANYTHING? You need one ofourcased 
vibration alarms, keyswitch operated, fully cased just fit it to 
anything from videos to caravans, provides a years protection from 1 
PP3 battery, UK made. SALE PRICE £4.99 REF SA33. 
DAMAGED ANSWER PHONES These are probably beyond 
repair so just £4.99 each. BT response 200 machines. REF SA30. 
COMPUTER DISC CLEAROUTWe are leftwith alot of software 
packs that need clearing so we are selling at disc value only! 50 discs 
for £4, thats just 8p each!!(our choice of discs) £&4 ref EP66 

IBM PS2 MODEL 160Z CASE AND POWER SUPPLY 
Complete with fan etc and 200 watt power supply. £9.95 ref EP67 
DELL PC POWER SUPPLIES 145 watt, +5,-5,+12,-12, 
150x150x85mm complete with switch, flyeads and IEC socket. 
SALE PRICE €9.99 ref EP55 

1.44 DISC DRIVES Standard PC 3.5" drives but retums so they 
will need attention SALE PRICE £4.99 ref EP68 

1.2 DISC DRIVES Standard 5.25" drives but retums so they will 
need attention SALE PRICE NOW ONLY €3.50 ref EP69 

PP3 NICADS Unused but some storage marks. £4.99 ref EP52 
DELLPC POWER SUPPLIES (Customer retums) Standard PC 
psu's complete with fly leads, case and fan. +12v,-12v,+5v,-5v SALE 
PRICE £1.99 EACH worth itfor the bits alone! refDL1. TRADE PACK 
OF 20 £29.95 Ref DL2. 

GAS HOBS AND OVENS Brand new gas appliances, perfect for 
small flats etc. Basic 3 burner hob SALE PRICE €24.99 ref EP72. 
Basic small built in oven SALE PRICE €79 ref EP73 

RED EYE SECURITY PROTECTOR 1,000 watt outdoor PIR 
switch SALE PRICE €6.99 ref EP57 

ENERGY BANK KIT 100 6°x6" 6v 100mA panels, 100 diodes, 
connection details etc. £69.95 ref EF 112. . 

PASTEL ACCOUNTS SOFTWARE, does everything for all 
sizes of businesses, ind udes wordprocessor, reportwriter, windowing, 
networkable up to 10 stations, multiple cash books etc. 200 page 
comprehensive manual. 90 days free technical support (01342- 
326009 try before you buy!) Current retail price is £129, SALE 
PRICE £9.95 ref SA12. SAVE £120!!! 

COMPLETE PC 200 WATT UPS SYSTEM Top ofthe range 
UPS system providing protection for your computer system and 
valuable software against mains power fluctuations and cuts.New 
and boxed, UK made Provides up to5 mins running time in the event 
of complete power failure to allow you to run your system down 
correctly. LAST FEW TO CLEAR AT €49 SAVE €30 ref LOT61 
BIG BROTHERPSU Cased PSU, 6v 2A output, 2m o/p lead, 1.5m 
input lead, UK made,220v. SALE PRICE €4.99 REF EP7 


Check out our 
WEB SITE 


http://www.pavilion.co.uk/bull-electrical 


RACALMODEM BONANZA 1 Racal MPS 1223 1200/75modem, 
telephone lead, mains lead, manual and comms software, the 
cheapest way onto the net! all this for just £13 ref DEC13. 


4.6mw LASER POINTER. BRAND NEW MODEL NOW IN 
STOCK!, supplied in fully built form (looks like a nice 
pen) complete with handy pocket clip (which also acts 
as the on/off switch.) About 60 metres range! Runs on 
2 AAA batteries. Produces thin red beam ideal for 
levels, gun sights, experiments etc. just £39.96 ref 
DEC49 TRADE PRICE £28 MIN 10 PIECES 


BULL TENS UNIT Fully built and tested TENS (Transcutaneous 
Electrical Nerve Stimulation) unit, complete with electrodes and full 
instructions. TENS is used for the relief of pain etc in up to 70% of 
sufferers. Drug free pain relief, safe and easy to use, can be used in 
conjunction with analgesics etc. £49 Ref TEN/1 

PC PAL VGA TO TV CONVERTER Converts a colour TV into 
abasic VGAscreen. Complete with builtin psu, lead and s/ware.. Ideal 
for laptops or a cheap upgrade.Supplied in kit form for home 
assembly. SALE PRICE €25 REF SA34 

EMERGENCY LIGHTING UNIT Complete unit with 2 double 











bulb floodlights, builtin charger and auto switch. Fully cased. 6v 8AH 
lead acid req'd. (secondhand) £4 ref MAG4P 11. 
YUASHA SEALED LEAD ACID BATTERIES Two sizes 
currently available this month. 12v 15AH at£18 ref LOT8 and 6v 10AH 
(suitable for emergency lights above) at just £6 ref LOT7. 
ELECTRIC CAR WINDOW DE-ICERS Complete with cable, 
plug etc SALE PRICE JUST £4.99 REF SA28 
AUTO SUNCHARGER 155x300mm solarpanel with diode and 3 
metre lead fitted with a cigar plug. 12v 2watt. £8.99 REF SA25. 
MICRODRIVE STRIPPERS Small cased tape drives ideal for 
stripping, lots of useful goodies including a smart case, and lots of 
components. SALE PRICE JUST £4.99 FOR FIVE REF SA26 
SOLAR POWER LAB SPECIAL You get TWO6'"x6" 6v 130mA 
solar cells, 4LED's, wire, buzzer, switch plus 1 relay or motor. Superb 
value kit SALE PRICE JUST £4.99 REF SA27 
RGB/CGA/EGA/TTL COLOUR MONITORS 12° in good 
condition. Back anodised metal case. SALE PRICE £49 REF SA16B 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
13.8V 1.9A PSU cased with leads. Just £9.99 REF MAG10P3 
UNIVERSAL SPEED CONTROLLER KIT Designed by us for 
the C5 motor but ok for any 12v motor up to 30A. Complete with PCB 
etc. A heat sink may be required. £17.00 REF: MAG17 

PHONE CABLE AND COMPUTER COMMUNICATIONS 
PACK Kit contains 100m of 6 core cable, 100 cable clips, 2 line 
drivers with RS232 interfaces and all connectors etc. Ideal low cost 
method of communicating between PC's over along distance utilizing 
the serial ports. Complete kit £8.99. Ref comp 1. 
VIEWDATA SYSTEMS made by Phillips, complete with intemal 
1200/75 modem, keyboard, psu etc RGB and composite outputs, 
menu driven, autodialler etc. SALE PRICE £12.99 REF SA18 
AIR RIFLES .22As used by the Chinese army for training puposes, 
so there is a lot about! £39.95 Ref EF78. 500 pellets £4.50 ref EF80. 
PLUG IN POWER SUPPLY SALE FROM £1.60 Plugs in to 
13A socket with outputlead. three types available, 9vdc 150mA£1.50 
ref SA19, S9vde 200mA £2.00 ref SA20, 6.5vdc 500mA £2 ref SA21. 
VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, videorecorder, TV or Computer etc to any 
standard TV set in a 100' range! (tune TV to a spare channel) 12v DC 
op. Price is £25 REF: MAG15 12v psu is £5 extra REF: MAG5P2 
*“MINATURE RADIO TRANSCEIWERS A pair of walkie talkies 
witha range up to 2kmin open country. Units measure 22x52x 155mm. 
Including cases and earp'ces. 2xPP3 req'd. £30.00 pr.REF: MAG30 
“FM TRANSMITTER KIT housed in a standard working 13A 
adapter!! the bug runs directly off the mains so lasts forever why pay 
£700? or price is £15 REF: EF62 (kit) Transmits to any FM radio. 
“FM BUG BUILT AND TESTED superior design to kit. Supplied 
to detective agencies. 9v battery req'd. £14 REF: MAG14 
TALKING COINBOX STRIPPER COMPLETE WITH 
COINSLOT MECHANISMS originally made to retail at£79 each, 
these units are designed to convert an ordinary phone into a 
payphone. Theunits have the locks missing and sometimes broken 
hinges. However they can be adapted for their original use or used for 
something else?? SALE PRICE JUST €2.50 REF SA23 
GAT AIR PISTOL PACK Complete with pistol, darts and pellets 
£12.95 Ref EF82B extra pellets (500) £4.50 ref EF80. 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. SALE PRICE €4.99 REF SA24. 
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAGSP 13 ideal for experimenters! 30 m for £12.99 ref MAG13P 1 


MIXED GOODIES BOX OF 


MIXED COMPONENTS WEIGHING 2 KILOS 
YOURS FOR JUST £6.99 





4X28 TELESCOPE SIGHTS Suitable for all air rifles, ground 
lenses, good light gathering properties. £19.95 ref R/7. 
GYROSCOPES Rememberthese? well we have found acompany 
that still manufactures these popular scientific toys, perfect gift or for 
educational use etc. £6 ref EP70 
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised 
foil blanket, reflects more than 90% of body heat. Also suitable for the 
construction of two way mirrors! £3.99 each ref O/LO041. 
LENSTATIC RANGER COMPASS Oil filled capsule, strong 
metal case, large luminous points. Sight line with magnifying viewer. 
50mm dia, 86gm. £10.99 ref O/K604. 
RECHARGE ORDINARY BATTERIES UP TO 10 TMES! 
With the Battery Wizard! Uses the latest pulse wave charge system 
to charge all popular brands of ordinary batteries AAA, AA, C, D, four 
atatime! Led system showswhen batteries arecharged, automatically 
rejects unsuitable cells, complete with mains adaptor. BS approved. 
Price is £21.95 ref EP31. 
TALKING WATCH Yes, it actually tells you the time at the press of 
a button. Also features a voice alarm that wakes you up and tells you 
what the time is! Lithium cell induded. £7.99 ref EP26. 
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 
YOUR LICENCE! The new multiband 2000 radar detector can 
prevent even the most responsible of drivers from losing their licence! 
Adjustable audible alarm with 8 flashing leds gives instant warning of 
radar zones. Detects X, K, and Ka bands, 3 mile range, ‘over the hill’ 
‘around bends ' and 'reartrap facilities. micro sizejust4.25"x2.5°x.75", 
Can pay for itself in just one day! £79.95 ref EP3. 
3" DISCS As used on older Amstrad machines, Spectrum plus3's 
etc £3 each ref BAR400. 
STEREO MICROSOPES BACK IN STOCK Russian, 200x 
complete with lenses, lights, filters etc etc very comprehensive 
microscope that would normally be around the £700 mark, our price 


is just £299 (full money back quarantee) full details in cataloque.. 
WE BUY SURPLUS STOCK 


FOR CASH 
BUYERS DIRECT LINE 0802 660377 
FREECATALOGUE 
100 PAGE CATALOGUE NOW 
AVAILABLE, 50P STAMP OR FREE 
ON REQUEST WITH ORDER. 


PROJECTS... THEORY...NEWS... 
COMMENT ...POPULAR FEATURES... PRACTICAL 


ELECTRONICS 


po 


The No. 1 Magazine for Electronics, Technology 
and Computer Projects 





VOL. 25 No. 9 SEPTEMBER 1996 








Projects 


ANALOGUE DELAY AND FLANGER by John Chatwin 670 
There could be a short delay to improving your musicality! 

SIMPLE EXPOSURE TIMER by Andy Flind 684 
Make light work of exposure timing for printing p.c.b.s or photos 

PIC-TOCK PENDULUM CLOCK by John Becker 697 
Time don’t mean a thing if it ain't got that swing! 

DRAUGHT DETECTOR by Terry de Vaux-Balbirnie 706 
How not to get the wind up about draughts blowing holes in your budget 
POWER CHECK by Terry de Vaux-Balbirnie 748 


Keep a colourful watch on caravan and boating battery power consumption 


Series 


CIRCUIT SURGERY by Alan Winstanley 681 
Safely handling lead-acid batteries; the Great NiCad Debate continues; 
alkaline cell tabbing 


INTERFACE by Robert Penfold 690 
Transistor tester interface for PC parallel ports 


INGENUITY UNLIMITED hosted by Alan Winstanley 710 
Attack/Decay Ramp Generator; Intruder Deluder; Basic Mains Supply 
Monitor; ‘‘Custom Ferrari’; 555 Astable Frequency Meter; Model Fire Engine 


TECHNIQUES - ACTUALLY DOING IT by Robert Penfold 716 
Advice to beginners on choosing suitable projects and how to build and 
check them 


NET WORK —- THE INTERNET PAGE surfed by Alan Winstanley rE Y4 
Announcing EPE’s own Web site; our link with Hull University; choosing a 
Service Provider; browsing the Net 


<Seatures 





EDITORIAL 669 

INNOVATIONS 676 

Everyday news from the world of electronics 

SHOPTALK with David Barrington 683 

Component buying for EPE projects 

NEW TECHNOLOGY UPDATE by lan Poole 688 

Developments in CCDs will result in even smaller electronic cameras 

MAX038 WAVEFORM GENERATOR by Andy Flind 692 

The new Maxim MAX038 is a welcome advance on the traditional 

waveform generator chip © 

FOX REPORT by Barry Fox 696 

Reality of Stonehenge; Games on the Line 

ELECTRONICS VIDEOS * 709 

Our range of educational videos 

OHM SWEET OHM by Max Fidling 715 

Volunteered technicians are not always well-feted, and don’t blame 

the cat if the mouse plays it heavy 

BACK ISSUES Did you miss these? . 722 

FAX ON DEMAND 723 

Need a recent EPE article today? Try our “‘instant’’ response Service! 

DOWN TO EARTH by George Hylton 724 

Cascading operational amplifiers 

DIRECT BOOK SERVICE 727 
ane j A wide range of technical books available by mail order . 


drawings, photographs and articles published in : Fe ne 
EVERYDAY PRACTICAL ELECTRONICS is fully PCBs for EPE projects — some at knockdown prices! 


protected, and reproduction or imitations in 
whole or in part are expressly forbidden. ADVERTISERS INDEX ' 736 
Our October ’96 Issue will be published on Friday, Readers Services @ Editorial and Advertisement Departments 669 


6 September 1996. See page 659 for details. 
Everyday Practical Electronics, September 1996 657 





Surplus always 
wanted for cash! 


SPECIAL BUY 


‘AT 286' 
40Mb HD + 3Mb Ram 


LIMITED QUANTITY only of these 12Mhz Hi GRADE 286 systems 
Made in the USA to an industrial specification, the system was 
designed for total! reliability. The compact case houses the mother- 
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk 
drive & integral 40Mb hard disk drive to the front. Real time clock 
with battery backup is provided as standard. Supplied in good used 
condition complete with enhanced keyboard, 640k + 2Mb RAM, 
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run ! 


Order as HIGRADE 286 QOWY/Z Y £729.00 (ec 


Optional Fitted extras: VGA graphics card £29.00 
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) £19.95 
Wordperfect 6.0 for Dos - when 3%" FDD option ordered £22.50 
NE2000 Ethernet (thick, thin or twisted) network card £29.00 


LOW COST 486DX-33 SYSTEM 


Limited quantity of this 2nd user, supurb small size desktop unit. 
Fully featured with standard simm connectors 30 & 72 pin. Supplied 
with keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and 
integral 120 Mb IDE drive with single 1.44 Mb 3.5" floppy disk drive. 
Fully tested and guaranteed. Fully expandable Only 

Many other options avaiable - call for details. £399. 00 (E) 


FLOPPY DISK DRIVES 372" - 8" 


5%" or 3%" from only £18.95 ! 


Massive purchases of standard 5%" and 3%" drives enables us to 
present prime product at industry ae low prices! All units (unless 
stated) are BRAND NEW or removed from often brand new equip- 
ment and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of standard 
size. All are IBM-PC compatible (if 3%" supported on your PC). 

3%" Panasonic JU363/4 720K or equivalent RFE 

3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only 

3%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop 

5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE 

5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE 
5%" BRAND NEW Mitsubishi MF501B 360K , 
Table top case with inte vite PSU for HH 5%" Flopp or HD £29.95( 
8” Shugart 800/801 8" SS refurbished & tested £195.00 
8” Shugart 810 8" SS HH Brand New 

8” Shugart 851 8" double sided refurbished & tested 
Mitsubishi M2894-63 8" double sided NEW 
Mitsubishi M2896-63-02U 8" DS slimline NEW 

Dual 8" cased drives with integral power supply 2 Mb 


HARD DISK DRIVES 


End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte 
drive with industry standard SMD interface, replaces Fujitsu 
equivalent model. Full manual. Only £299.00 or 2 for £525.00 (E) 



































£499.00(E 


3%" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C) 
3%" CONNER CP3024 20 mb IDE I/F (or equiv )RFE £59.95(C 
3¥%2" CONNER CP3044 40mb IDE I/F (or equiv.)RFE £69.00(C 
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn) £69.00( tc} 


3%” WESTERN DIGITAL 850mb IDE I/F BrandNew £185. 8516 
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 } 
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb 

5%" CDC 94205-51 40mb HH MFM I/F RFE tested 
5%" HP 9754B 850 Mb SCSI RFE tested £ 

5%" HP C3010 2 Gbyte SCSI differential RFE tested £195. :00(C) 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E) 
Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95 


THE AMAZING TELEBOX 


Converts your colour monitor into a QUALITY COLOUR TV!! 


TV SOUND & 
VIDEO TUNER - 


CABLE COMPATIBLE * 





The TELEBOX is an attractive fully cased mains powered unit, con- 
taining all electronics ready to plug into a host of video monitors 
made by makers such as MICROVITEC, ATARI, SANYO, SONY, 
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite 
video output will also plug directly into most video recorders, allowing 
reception of TV channels not normally receivable on most televi- 
sion receivers* (TELEBOX MB). Push button controls on the front 
panel allow reception of 8 fully tuneable ‘off air' UHF colour television 
channels. TELEBOX MB covers virtually all television frequencies 
VHF and UHF including the HYPERBAND as used by most cable 
TV operators. A composite video output is located on the rear panel 
for direct connection to most makes of monitor or desktop computer 
video systems. For complete compatibility - even for monitors with- 
out sound - an integral 4 watt audio amplifier and low level Hi Fi 
audio output are provided as standard. 

TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
*For cable / hyperband reception Telebox MB should be connected 
to a cable type service. Shipping code on all Teleboxe's is (B) 


DC POWER SUPPLIES 


Virtually every type of power 
supply you can imagine.Over 
10,000 Power Supplies Ex Stock 
Call for info / list. 


THE ORIGINAL SURPLUS WONDERI 


THIS vehi dll Ss bg AL, FROM OUR VAST EVER CHANGING ‘STOCKS 








OBSOLETE - SHORT SUPPLY - BULK 


6,000,000 items EX STOCK 


For MAJOR SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST 


VIDEO MONITOR SPECIALS 


One of the highest specification 
monitors you will ever see - 
At this price - Don’t miss it!! 


Mitsubishi FA3415ETKL 14” SVGA Multisync colour monitor with fine 
_ 0.28 dot pitch tube and resolution of 1024 x 768. A 
variety of inputs allows connection to a host of comput- 
IBM PC's in CGA, EGA, VGA & SVGA 
: » COMMODORE (including Amiga 1200), 
: ARCHIMEDES and APPLE. Many features: Etched 
* faceplate, text switching and LOW TION MPR 
i specification. Fully guaranteed, supplied in EXCEL- 
NT little used condition 
Titt & Swivel Base £4.75 Only £119 © mmsevea 
VGA cable for IBM PC included. 









External cables for other types of computers CALL 






As New - Used on film set for 1 week only!! 
15" 0.28 SVGA 1024 x 768 res. colour monitors. 
Swivel & tilt etc. Full 90 day guarantee. £145.00 (E) 


Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 


’ PHILIPS HCS35 (same style as CM8833) attractively styled 14” 


colour monitor with both RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power re and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good 


used condition - fully tested - guaranteed 
Dimensions: W14" x H1236" x 1514" D. Only £95 ,, 


PHILIPS HCS31 Ultra compact 9” colour video monitor with stan- 
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attrac- 
tive square black plastic case measuring W10" x H10" x 13%" D. 


240 V AC mains powered. Only £79.00 (p) 


KME 10" 15M10009 high definition colour monitors with 0.28" Got 
pitch. Superb clarity and modern styling. ss 

Operates from a ry 15.625 khz sync RGB video 
source, with RGB analog and composite sync 
such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13%" x 12" x 


11". Good used condition. Only £125 (E) 
20" 22" and 26" AV SPECIALS 


Superbly made UK manufacture. PIL all solid state colour monitors, 
complete with composite video & optional sound input. Attractive 
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In 
EXCELLENT little used condition with full 90 day guarantee. 


20"....£135 22"....£155 26"....£185 (F) 





SPECIAL INTEREST ITEMS 
MITS. se FA3445ETKL 14” Industrial spec SVGA monitors £245 


2kW to 400 kW - 400 Hz 3 phase power sources - ex stock £POA 
IBM 8230 Type 1, Token ring base unit driver £950 
IBM 53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA 


Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 


HP1650B Logic Analyser £3750 
HP3781A Pattern adhd & HP3782A Error Detector £POA 
HP APOLLO RX700 system units £950 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP3081A Industrila workstation c\w Barcode swipe reader £175 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675 
HP54121A DC to 22 GHz four channel test set £POA 
HP7580A A118 pen HPGL high speed drum plotter £1850 
EG+G Brookdeal 95035C Precision lock in amp £650 
View Eng. Mod 1200 computerised inspection system £POA 
Ling Dynamics 2kW programmable vibration test system £POA 


Computer controlled 1056 x 560 mm X Y table & controller £1425 
Keithley 590 CV capacitor / voltage analyser £POA 


Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New batts Dec.1995 £9500 
ICI RS5030UV34 Cleanline ultrasonic cleaning system £POA 
Mann Tally MT645 Pe speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £1200 
Zeta 3220-05 AO 4 pen HPGL fast drum plotters £1150 


Nikon HFX-11 (Ephiphot) exposure control unit £1450 
Motorola VME Bus Boards & Components List. SAE / CALL £POA 
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM band printer £1950 


Fujitsu M3041D 600 LPM printer with network interface £1250 
Perkin Elmer 2998 Infrared spectrophotometer £POA 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750 


Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager!) £950 


Sekonic SD 150H 18 channel digital i bee chart recorder £1995 
TAYLOR HOBSON LE grt amplifier / recorder £750 
System Video 1152 PAL waveform monitor £485 
Test Lab - 2 mtr square quietised ge test cabinets £300 
Kenwood 9601 PAL Vectorscope - NE 650 


Please call for further vatalla ¢ on the above items 





AND! 





Surplus always 
wanted for cash! 
19" RACK CABINETS 


Superb quality 6 foot 40U 
Virtually New, Ultra Smart 


Less than Half Price! 


Us a 19" rack cabinets made in UK by 
Optima Enclosures Ltd. Units feature 
designer, smoked acrylic lockable front door, 
full height lockable half louvered back door 
and louvered removable side panels. Fully 
adjustable internal fixing struts, ready punched 
for any configuration of equipment mounting 
plus ready mounted integral 12 way 13 amp 
socket switched mains distribution strip make 
; these racks some of the most versatile we 
have ever sold. Racks may be stacked side by side and therefore 
require only two side panels to stand rick or in multiple bays. 
Overall dimensions are: 77%" H x 32%" D x 22" W. Order as: 
OPT Rack 1 Complete with removable side panels. £335.00 (G) 
OPT Rack 2 Rack, Less side panels £225.00 (G) 


32U - High Quality - All steel RakCab 


Made by Eurocraft Enclosures Ltd to the highest possible spec, 
rack features alt steel construction with removable 

side, front and back doors. Front and back doors are 

hinged for easy access and all are lockable with <2? 
five secure 5 lever barrel locks. The front door avs 

is constructed of double walled steel with a 
‘designer style’ smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet remain unobtrusive. Internally the rack 
features fully slotted reinforced vertical fixing 
members to take the heaviest of 19” rack 
equipment. The two movable vertical fixing struts 
(extras available) are pre punched for standard 
‘cage nuts’. A mains distribution panel internal- 
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation is provided by LP 
fully louvered back door and double skinned top section “ 

with top and side louvres. The top panel may be removed for fitting 
of integral fans to the sub plate etc. Other features include: fitted 
castors and floor levelers, prepunched utility panel at lower rear for 
cable / connector access etc. Supplied in excellent, slightly used 
condition with keys. Colour Royal blue. External dimensions 
mm=1625H x 635D x 603 W. ( 64” H x 25” D x 23%” W ) 
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Sold at LESS than a third of makers price !! 


A superb buy at only F1 95.00 i 


Over 1000 racks - 19" 22" & 24" wide 
3 to 44 U high. Available from stock !! 


OF MNT tam elelmacrelelic-it-al ee 


TOUCH SCREEN SYSTEM 


The ultimate in ‘Touch Screen Technology’ made by the experts - 
MicroTouch - but sold at a price below cost !! System consists of 
a flat translucent glass laminated panel measuring 29.5 x 23.5 cm 
connected to an electronic controller PCB. The controller produces 
a standard serial RS232 or TTL output which continuously gives 
simple serial data containing positional X & Y co-ordinates as to 
where a finger is touching the panel - as the finger moves, the data 
instantly changes. The X & Y information is given at an incredible 
matrix resolution of 1024 x 1024 positions over the entire screen 
size !! A host of available translation software enables direct con- 
nection to a PC for a myriad of applications including: control pan- 
els, pointing devices, POS systems, controllers for the disabled or 
computer un-trained etc etc. Imagine using your finger with 
‘Windows’, instead of a mouse !! (a driver is indeed available !) The 
applications for this amazing product are only limited by your 
imagination!! Complete system including Controller, Power Supply 
and Data supplied at an incredible price of only: 

Full MICROTOUCH software support pack Sy 145. 00 (B) 
and manuals for IBM compatible PC’s £29.95 RFE - Tested 


LOW COST RAM & CPU’S 


INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT 

and PC-AT compatible card with 2 Mbytes of memory on board. 

Card is fully selectable for Expanded or Extended (286 processor 

and above) memory. Full data and driver disks SUP OBA Ay 

Fully tested and guaranteed. Windows compatible. 59.95 

Halt length 8 bit memory upgrade cards for PC AT XT oo 

memory either 256k or 512k in 64k steps. May oe be used to fill 

in RAM above 640k DOS limit. Complete with dat 

Order as: XT RAM UG. 256k. £34.95 or 51 ok £39.95 (A1) 
PECIAL 








INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £££ 


FANS & BLOWERS 


SIMM 
1MBx9 SIMM 9 chip 120ns Only £16.50 (A1) 
1MBx9 SIMM3chip80ns £19.50 or 70ns £22.95 (A1) 
1MBx9 SIMM 9 chip 80ns £21.50 or 70ns £23.75 (A1) 
4 MB 70 ns 72 pin SIMM_-with parity- Only £95.00 ia 
1 


EPSON DO412 40x40x20 mm 12v DC £7.95 10 / £65 
PAPST TYPE 612 60x60x25 mm 12v DC £8.95 10/£75 
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10/ £42 
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10/ £49 


MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10/ £53 
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10 / £69 
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110 
or 240 v £6.95. 80x 80 x 38 mm - specify 110 or 240 v £5.95 
IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £79.95 
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL 


Issue 13 of apy News now available - send large S@E - PACKED with bargains! 
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LONDON SE19 3XF 


ALL MAIL & OFFICESH [LONDON SHOP S DISTELO© 
Open Mon-Fri 9.00-5:30 


Dept PE. 32 Biggin Way 
Upper Norwood 






Selhurst Park SR Rail Stations 





- minimum account order £50. 


RETURNING SOON ! 


ALL @ ENQUIRIES 








Open Mon - Sat 9:00 - 5:30 The Original 
21 hit La 
auiittteed™ | Pace on ine Boabase HIG) 679 4414 
Info on 20,000 + stock items! 





FAX 0181 679 1927 


TP a desire for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Goverment, 





Schools, 
and Local Authorities Cheques over £100 are subject to 10 working days clearance. Carriage charges (A)=£3.00, (A1)=£4.00, 

Be |Se 50, 0, (CyB 50, (D)=£12.00, (E)=£15.00, (F)=£18.00, (G)=CALL. Allow approx 6 days for shipping - faster CALL. Scotland surcharge CALL. All goods supplied to our 
tandard Conditions of Sale and unless stated guaranteed for 90 days. All guarantees on a retum to base basis. All rights reserved to ch 

25, [See Orders subject to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowledged. © Display 


prices / specifications without prior 
lectronics 1996. E & O E. 06/6 


Everyday Practical Electronics, September 1996 


10MHz 
FUNCTION 
GENERATOR 


This straightforward project 
uses the MAX038 chip 
described in this issue to 
provide sine, square and 
triangle output waveforms 
from 10Hz to 10MHz in six 
switched ranges. 
Together with the 
multimeter and the 
oscilloscope, a ‘function 
generator” is one of the 
most useful pieces of equipment an electronics enthusiast can possess. It generates signals over a 
wide range of frequencies, and gets its name from the fact that it can also provide various output 
waveforms. Usually these are triangular waves and squarewaves in addition to the basic sinewaves, 
and users soon discover the value of these for testing different types of circuit. Squarewaves, for 
example, are useful when checking for overshoot and ringing, whilst a triangular waveform is handy 
when looking for amplifier “crossover” distortion. Often the output can have a variable d.c. “offset’’ 
voltage added to the a.c. signal. This too has various applications, an example is a 5V squarewave 
output with a 2-5V positive offset which would be suitable for directly driving many logic inputs. 


DIRECT CONVERSION RECEIVER FOR TOP BAND 
AND EIGHTY METRES 


Interested in amateur radio? Want to listen in to amateur transmissions from around the world? 
If so this design is for you. As an introduction to shortwave listening on the amateur bands this 
direct conversion receiver probably represents the easiest type of d.i.y. receiver to build. It can 

resolve the single sideband (SSB) voice and Morse (CW) signals which most stations use. 


VIDEO FADE TO WHITE 


Video fader projects have appeared in EPE in the past, and these have all provided a conventional 
fade out to a black screen. This video fader is slightly different in that it provides a fade out to 

a white screen, or to a preset grey level if preferred. This gives the home video producer a few 
more creative possibilities from a circuit that is only marginally more complex than an equivalent 
fade-to-black circuit. 


A BRIEF HISTORY OF GREAT EXPERIMENTERS 


This fascinating series describes the work of the major electrical and magnetic experimenters, the 
emphasis being on the fact that experimentation was, and is, a necessary requirement for the study of 
any science. The series covers the work of such famous experimenters as Gilbert, Galvani, Volta, 
Ampere, Ohm, Faraday etc. 


PRACTICAL 


ELECTRONICS 


OCTOBER ISSUE ON SALE FRIDAY, SEPTEMBER 6 


Everyday Practical Electronics, September 1996 
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HART KITS give you the opportunity to build the 
very best engineered hifi equipment there is, 
designed by the leaders in their field, using the best 
components that are available. 

Every HART KIT is not just a new equipment ac- 
quisition but a valuable investment in knowledge, 
giving you guided hands-on experience of modern 
electronic techniques. 

In short HART is your ‘friend in the trade’ giving 
you, aS a knowledgeable constructor, access to 
better equipment at lower prices than the man in 
the street. 

You can buy the reprints and construction manual 
for any kit to see how easy it is to build your own 
equipment the HART way. The FULL cost can be 
credited against your subsequent kit purchase. 

Our list will give you full details of a// our Audio Kits, 
components and special offers. 


INTRODUCING 


The Hart “Chiava”’ 


Single-Ended Class “A”’ Headphone Amplifier 


Most modern high fidelity amplifiers either do not 
have a headphone output facility, or this may not be 
up to the highest standard. 

The new Hart “Chiara” has been introduced as an 
add-on unit to remedy this situation, and will provide 
two ultra high quality headphone outlets. This is the 
first unit in our 2000 Range of modules to be intro- 
duced through the year. Housed in the neat, black 
finished, Hart Minibox it features the wide frequency 
response, low-distortion and “musicality” that one 
associates with designs from the renowned John 
Linsley Hood. 

‘Both outputs will drive any standard high quality 
headphones with an impedance greater than 30 
ohms and the unit is ideal for use with the Senn- 
heiser range. A signal link-through makes it easy to 
incorporate into your system and two extra outputs, 
one at output level and one adjusted by the Volume 
control are available on the back panel. The high 
level output also makes a very useful long-line 
driver where remote mounted power amplifiers are 
used. Power requirements are very simple and can 
be provided by either of our new “Andante” power 
supplies. Use the K3565 to drive the “Chiara” on its 
own, K3550 if driving other modules as well. 
Volume and Balance controls are provided and as 
befits any unit with serious aspirations to quality 
these are the ultra high quality Alps “Blue Velvet” 
components. 

Very easily built, even by beginners, since all 
components fit directly on the single printed circuit 
board and there is no conventional wiring what- 
soever. The kit has very detailed instructions, and 
even comes with a roll of Hart audiograde silver 
solder. It can also be supplied factory assembled 
and tested. 

Selling for less than the total cost of all the com- 
ponents, if they were bought separately, this unit 
represents incredible value for money and makes 
an attractive and harmonious addition to any hifi 
system. 

K2100 The total cost of a complete set of all com- 
ponents to build this unit is £126.37. Our special 
discount price for all parts bought together as a kit 


Fr cca sas coun davsewpenateeasmeneadncnetile basa aun ecteeiee tu Aatedanetad 
£109.50 

K2100SA Series Audiophile, with extra selected 
COONS ssi ccctetscsrc teh nisssriceastcmdntttauis £112.46 


HART TC1D Triple Purpose TEST CASSETTE 
Now available again and even better than before! 
Our famous triple purpose test cassette will help 
you set up your recorder for peak performance after 
fitting a new record/play head. This quality preci- 
sion Test Cassette is digitally mastered in real time 
to give you an accurate standard to set the head 
azimuth, Dolby/VU level and tape speed, all easily 
done without test equipment. 

TC1D Triple Purpose Test Cassette................ £9.99 


7 NEW BOOK . 
Audio Electronics 


And now, hot off the press, yet another classic 
from the pen of John Linsley Hood. Following 
the ongoing enormous success of his “Art of 
Linear Electronics” the latest offering is the 
all-new edition of “Audio Electronics”, now entirely 
re-written by the master himself. 

Underlying audio techniques and equipment is a 
world of electronics that determines the quality of 
sound. For anyone involved in designing, adapt- 
ing or using digital or analogue audio equipment 
understanding electronics leads to far greater 
control over the reproduced sound. 

The subjects covered include tape recording, 
tuners, power output stages, digital audio, test 
instruments and loudspeaker crossover systems. 
John’s lifetime of experience and personal innova- 
tion in this field allow him to apply his gift of being 
so familiar with his subject that he can write 
clearly about it and make it both interesting and 
comprehensible to the reader. 

Containing 240 pages and over 250 line illustra- 
tions this new book represents great value for 
money at only £18.99 plus £2.50 postage. Send 
or telephone for your personal copy now. 


ALPS “Blue Ocloct”’ 


Precision Audio Controls 





To fulfil the need for ultra high quality controls we 
import a special range of precision audio pots in 
values to cover most quality amplifier applications. 
All in 2-gang stereo format, with 20mm long 6mm 
diam. steel shafts, except for the 50K Log which 
is 25mm x 6mm. Overall size of the manual pot 
is 27W x 24H x 27Deep, motorised versions are 
72:'4mm Deep from the mounting face. Mounting 
bush for both types is 8mm diameter. 

Now you can throw out those noisy ill-matched 
carbon pots and replace with the real hi-fi com- 
ponents only used selectively in the very top flight 
of World class amplifiers. The improvement in track 
accuracy and matching really is incredible giving 
better tonal balance between channels and rock 
solid image stability. 

The motorised versions use a 5V DC motor 
coupled to the normal control shaft with a friction 
clutch so that the control can be operated manually 
or electrically. The idea of having electrically 
operated pots may seem odd, archaic even, but it is 
in fact the only way that remote control can be 
applied to any serious Hi-Fi system without loss of 
quality. The values chosen are the most suitable 
available for a low loss passive volume and balance 
control system, allowing armchair control of these 
two functions. 

Our prices represent such super value for pots of 
this quality due to large purchases for our own kits. 

MANUAL POTENTIOMETERS 

RANI LOOK LM sa sscieceseesnstptansnraaneadonsveionnes £15.67 
2-Gang 10K, 50K or 100K Log. ................2 £16.40 
2-Gang 10K Special Balance, zero crosstalk and 
ZO -CROIEWISG 1. 5.si-dieeivcssessecesesaveccccovsousncs £17.48 
MOTORISED POTENTIOMETERS 

2-Gang 20K Log Volume Control £26.20 
2-Gang 10K RD Special Balance, zero crosstalk 


and less than 10% loss in centre position......£26.98 
REEL TO REEL HEADS 
BOOT 2/4 FP VOOM: csssszecsicccecstttsssncciatsssies £16.84 


We have a few erase heads to suit which 
can only be supplied when 2 R/P heads are 
PRT els 6 ia esas ycizahurdadeoitosatetitatacsettgtidamaneens £36.80 


TAPE RECORDER CARE PRODUCTS 
DEM1 Mains Powered Tape Head 
Demagentizer, prevents noise on playback 
due to residual head magentisation................. £4.08 
DEM115 Electronic, Cassette Type, 
POMAGNSUZON hic. vsssnccinvenivieinenseesiavagriaaeanciudente £8.61 


Send or ‘phone for your copy of our FREE List of these and many other Kits & Components. Enquiries from Overseas 
customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail. 


get your order on its way to you THAT DAY. 


QUALITY 
AUDIO KITS 


Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART 
service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will 


Please add part cost of carriage and insurance as follows:-INLAND Orders up to £20 - £1.50, 
Orders over £20 - £3.50. Express Courier, next working day £10. 
OVERSEAS - Please see the ordering information with our lists. 


24 hr. SALES LINE 





(01691) 652894 


HART AUDIO KITS - YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-FI 


LINSLEY HOOD ‘SHUNT FEEDBACK’ RIAA 
MOVING COIL & MOVING MAGNET 
PICKUP PREAMPLIFIERS 





The HART K1450 Magnetic pickup preamplifier kit 
features a totally discrete component implementa- 
tion with a specially designed low input impedance 
front end and the superior sound of the Shunt 
Feedback circuitry. High quality components fitting 
to an advanced double-sided printed circuit board 
make this a product at the leading edge of technol- 
ogy that you will be proud to own. Nevertheless 
with our step by step instructions it is very easy and 
satisfying to assemble. The higher current con- 
sumption of this unit means that it is best powered 
by our new Andante Audio Power Supply, itself an 
advanced piece of technology in a matching case. 
This supplies the superbly smoothed and stabilised 
supply lines needed by any sensitive preamplifer 
and features a fully potted Hi-grade toroidal trans- 
former along with a special limited shift earth sys- 
tem for hum free operation. The K1450 is suitable 
for all moving coil and moving magent transducers 
this unit is especially recommended for, and will 
extract the very best from the modern generation of 
low output high quality moving coil transducers. 

K1450 Kit, complete with all parts ready to 
assemble inside the fully finished 228mm x 134mm 
x 63mm case. Kit includes full, easy to follow, 
assembly instructions as well as the Hart Guide to 
PCB Construction, we even throw in enough Hart 
Audiograde Silver Solder to construct your kit! 
sede desta tstsinaansanabennelsece cote eaaeiaieaceen tenes £111.58 
K1450SA Series Audiophile version with selected 
COMDON OIG cssvaisescscrnsesessssccrnereedivoricieeseciesesd £133.94 


HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 





Do your ene lack treble? A worn ngad could be 
the problem. For top performance cassette recorder 
heads should be replaced every 1,500 hours. Fit- 
ting one of our high quality replacement heads 
could restore performance to better than new! Stan- 
dard inductances and mountings make fitting easy 
on nearly all machines (Sony are special dimen- 
sions, we do not stock) and our TC1 Test Cassette 
helps you set the azimuth spot on. As we are the 
actual importers you get prime parts at lower prices, 
compare our prices with other suppliers and see! All 
our heads are suitable for use with any Dolby 
system and are normally available ex-stock. We 
also stock a wide range of special heads for home 
construction and industrial users. 

HC80 NEW RANGE High Beta Permalloy Stereo 
head. Modern space saver design for easy fitting 
and lower cost. Suitable for chrome, metal and fer- 
ric tapes, truly a universal replacement head for 
everything from hi-fi decks to car players and at an 


incredible price tOO!..............ccceeecceeeeeeessteeeees £11.70 
HRP373 Downstream monitor combi head....£62.59 
FSS A 4-TACK FAP vcsicnctsvicesssscxccasccanecdaostienis £8.75 
HQ551S Sony Mount 4-Tr. R/P...............00. £14.90 
HQR560 Rotary Base 12-5mm R/P/E........... £21.90 
HQR570 Rotary Base 15mm R/P/E.............. £22.59 
HQR580 Rotary Base 12:5mm R’P............... £14.29 
HART Classical CD’s. 


Top quality, Full Digital (DDD), over 100 titles from 
only £1.99! Ring or send for your list! 


TECHNICAL BOOKSHELF 
We stock a good range of books of interest to the 
electronics and audio enthusiast, including many 
reprinted classics from the valve era. Some were in 
last months advertisement, but see our list for the 
full range. - 
New this month is the GEC Valve designs book at 
£18.95, and the VTL Book, a modern look at valve 


designs, £17.95. 
gt 4 


ALL PRICES 
INCLUDE 
UK/EC VAT 


oe TRY i0 all 
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£1 BARGAIN PACKS 


— List 5 


If you.would like to receive the other four 
£1 lists and a lot of other lists, request 
these when you order or send SAE. 


TEST PRODS FOR MULTIMETERS with 4mm sockets. 

Good length very flexible lead, Ref: D86. 

8 OHM PM SPEAKERS, size 8” x 4”, pack of two. These may 

be lightly rusty and that is why they are so cheap but are 

electrically OK, Ref: D102. 

PAXOLIN PANELS, size 6” x 6”, approximately '16” thick, 

pack of two, Ref: D103. 

13A SOCKET, virtually unbreakable, ideal for trailing lead, 

Ref: D95. 

PIEZO BUZZER with electronic sounder circuit, 3V to 9V D.C. 

operated, Ref: D76. 

DITTO but without internal electronics, pack of two, Ref: D75. 

LUMINOUS ROCKER SWITCH, approximately 30mm sq, 

pack of two, Ref: D64. 

ROTARY SWITCH, 9-pole 6-way, small size and '4" spindle, 

pack of two, Ref: D54. 

FERRITE RODS, 7” with coils for Long and Medium waves, 

pack of two, Ref: D52. 

DITTO but without the coils, pack of three, Ref: D52. 

SLIDE SWITCHES, SPDT, pack of 20, Ref: D50. 

MAINS DP ROTARY SWITCH with '4” control spindle, pack 

of five, Ref: D49. 

ELECTROLYTIC CAP, 800,:F at 6-4V, pack of 20, Ref: D48. 

se aie CAP, 1000uF + 1000uF 12V, pack of 10. 
ef: D47. 

MINI RELAY with 5V coil, size only 26mm x 19mm x 1mm, 

has two sets of changeover contacts, Ref: D42. 

sinha SUPPRESSOR CAPS 0:1,.F 250V A.C., pack of 10, 
ef: 1050. 

TELESCOPIC AERIAL, chrome plated, extendable and folds 

over for improved F.M. reception, Ref: 1051. 

MES LAMP HOLDERS, slide on to ' 4" tag, pack of 10, Ref: 

1054. 

PAXOLIN TUBING, '4” internal diameter, pack of two, 12” 

lengths, Ref: 1056. 

ULTRA THIN DRILLS, 0:-4mm, pack of 10, Ref: 1042. 

20A TOGGLE SWITCHES, centre off, part spring controlled, 

will stay on when pushed up but will spring back when pushed 

down, pack of two, Ref: 1043. 

HALL EFFECT DEVICES, mounted on small heatsink, pack 

of two, Ref: 1022. 

12V POLARISED RELAY, two changeover contacts, Ref: 1032. 

PAXOLIN PANEL, 12” x 12” ' 16” thick, Ref: 1033. 

MINI POTTED TRANSFORMER, only 1:5VA 15V-OV-15V or 

30V, Ref: 964. 

ELECTROLYTIC CAP, 32,.F at 350V and 50uF section at 

25V, in aluminium can for upright mounting, pack of two, Ref: 

995 





PRE-SET POTS, one megohm, pack of five, Ref: 998. 

WHITE PROJECT BOX with rocker switch in top left-hand 

side, size 78mm x 115mm x 35mm, unprinted, Ref: 1006. 

li arden aaa good strong pull but quite small, pack of two, 
ef: 1012. 

FIGURE-8 MAINS FLEX, also makes good speaker lead, 

15m, Ref: 1014. 

HIGH CURRENT RELAY, 24V A.C. or 12V D.C., three 

changeover contacts, Ref: 1016. 

LOUDSPEAKER, 8 Ohm 5W, 3:7” round, Ref: 962. 

NEON PILOT LIGHTS, oblong for front panel mounting, with 

internal resistor for normal mains operation, pack of four, Ref: 

970. 

3-5MM JACK PLUGS, pack of 10, Ref: 975. 

WANDER PLUGS, pack of 10, Ref: 986. 

PSU, mains operated, two outputs, one 9-5V at 550mA and 

the other 15V at 150mA, Ref: 988. 

oni les PSU, mains operated, output 15V A.C. at 320mA, 
ef: 989. 

PHOTOCELLS, silicon chip type, pack of four, Ref: 939. 

LOUDSPEAKER, 5” 4 Ohm 5W rating. Ref: 946. 

230V ROD ELEMENTS, 500W terminal-ended, 10” long, pack 

of two, Ref: 943. 

LOUDSPEAKER, 7” x 5” 4 Ohm 5W, Ref: 949. 

LOUDSPEAKER, 4" circular 6 Ohm 3W, pack of 2, Ref: 951. 

FERRITE POT CORES, 30mm x 15mm x 25mm, matching 

pair, Ref: 901. 

PAXOLIN PANEL, 812” x 3'2” with electrolytics 250uF and 

100yF, Ref: 905. 

CAR SOCKET PLUG with P.C.B. compartment, Ref: 917. 

Sr ali FLEX suitable for telephone extensions, 10m, 
ef: 918. 

VERO OFF-CUTS, approximately 30 square inches of useful 

sizes, Ref: 927. 

PROJECT CASE, 95mm x 66mm x 23mm with removable lid, 

held by four screws, pack of two, Ref: 876. 

SOLENOIDS, 12V to 24V, will push or pull, pack of two, Ref: 

877. 

2M MAINS LEAD, 3-core with instrument plug moulded on, 

Ref: 879. 

TELESCOPIC AERIAL, chrome plated, extendable, pack of 

two, Ref: 884. 

MICROPHONE, dynamic with normal body for hand holding, 


Ref: 885. 

CROCODILE CLIPS, superior quality flex, can be attached 
without soldering, five each red and black, Ref: 886. 
BATTERY CONNECTOR FOR PP%3, superior quality, pack of 
four, Ref: 887. 

LIGHTWEIGHT STEREO HEADPHONES, Ref: 898. 
PRESETS, 470 Ohm and 220 kilohm, mounted on single 
panel, pack of 10, Ref: 849. 

THERMOSTAT for ovens with '4” spindle to take control 
knob, Ref: 857. 

12V-0V-12V 10W MAINS TRANSFORMER, Ref: 811. 
18V-0V-18V 10W MAINS TRANSFORMER, Ref: 813. 
AIR-SPACED TRIMMER CAPS, 2pF to 20pF, pack of two, 
Ref: 818. 

AMPLIFIER, 9V or 12V operated Mullard 1153, Ref: 823. 

2 CIRCUIT MICROSWITCHES, licon, pack of 4, Ref: 825. 
LARGE SIZE MICROSWITCHES (20mm x 6mm x 10mm) 
changeover contacts, pack of two, Ref: 826. 

MAINS VOLTAGE PUSHSWITCH with white dolly, through 
panel mounting by hexagonal nut, Ref: 829. 

POINTER KNOB for spindle which is just under '4”, like most 
thermostats, pack of four, Ref: 833. 
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AIR SPACED TUNING CAPACITORS 
With the renewed interest in valve equipment, 
particularly valve radios, we are offering some 
very well made tuning capacitors. All have 1%” 
spindles: 

Order Ref 3P213 is a twin 500pf with slow mo- 
tion drive and approximately 2” of shaft, price £3. 


Order Ref 3P214 is again a 500pf + 500pf direct 
drive with approximately 1” spindle, price £3. 


Order Ref 2P422 has a 250pf front section and a 
350pf back section, approximately 1%” of spindle 
with slow motion drive, price £2. 


Order Ref 2P423 is a 150pf + 300pf with drive 
drum, price £2. 


Order Ref 2P424 is a 3 section with trimmers. 
Front section is 230pf, middle section is 100pf 
and back section 150pf, %4” spindle, approxi- 
mately 2” long, price £2. 


Order Ref 3P215 is a 5 section all with trimmers. 
Front section is 150pf, second section 250pf, 
then an FM section of 50pf, fourth section is 
190pf and the final FM section is 50pf. Complete 
with drum drive and 1” spindle, price £3. 


Order Ref 2P425 is a 2 gang 50yuf, very wide 
spaced for transmitter tuning, about 11” spindle, 
price £2. 


MULTITESTER 
PT160 

Superior pocket size 
multitester, 2000 ohm 
per volt and mirrored 
scale. 14 ranges, 

AC and DC volts up to 
500, current up to 
250mA, 2 ohm ranges 
and 2 very useful 
battery test positions. 
Complete with prods 
and booklet, price 
£6.95, Order Ref: 
Tres. 


MOBILE PHONE UNIT 

In fact, except for the case and keyboard, this 
is almost a mobile phone. Has a PCB with all 
the IC’s and other components, LC display and 
speaker. You can have all this for £2.50, Order 
Ref: 2.5P19. 


VALVE CIRCUIT LOUD SPEAKER 
OUTPUT TRANSFORMER 

Looks about 25W but we have no means of 
measuring, price £2.50 each, Order Ref: 2.5P 18. 





SMART HIGH QUALITY ELECTRONIC KITS 


All kits are complete with PCB and other components in a blister 
pack. We feel that most readers will know these kits, but if you want 
more information about them, then we have copies of the illustrated 
Smart catalogue, this gives full details and circuit diagrams of each 
kit, price is £1, deductable if you order kits to the value of £20. 


CAT. DESCRIPTION PRICE 
No. £ 
1002 VU Meter, with I.e.d. display 4.60 
1003 5W Electronic Siren 2.53 
1004 Light Switch 3.22 
1005 Touch Switch 2.87 
1007 = Stabilized Power Supply: 

3V to 30V at 2:5A 6.90 
1008 SF Function Generator 6.90 
1010  5-input Stereo Mixer, with monitor 

output 19.31 
1011 Motorbike Alarm 3.20 
1012 Reverberation Unit 5.02 
1016 Loudspeaker Protection Unit 3.22 
1023. Dynamic head preamp 2.50 
1024 Microphone preamp 2.20 
1025 7WHiIFi Power Amplifier 2.53 
1026 Running Lights 4.60 
1027 NiCad Battery Charger 3.91 
1029 4 sound electronic siren 3.00 
1030 — Light Dimmer 2.53 
1032 Stereo Tone Control 4.14 
1033 60W HiFi Power Amplifier 7.82 
1034 Car Battery Checker 1.61 
1035 Space Sound Effects 2.30 
1038 AM/FM Aerial Amplifier 1.61 
1039 Stereo VU Meter 4.60 
1040  10W HiFi Power Amplifier 2.76 
1041 25W HiFi Power Amplifier 4.60 
1042 AF Generator, 250Hz-16kHz 1.70 
1043 Loudness Stereo Unit 3.22 
1047 Sound Switch 5.29 
1048 Electronic Thermostat 3.68 
1050 = 3-input HiFi Stereo Pre-amplifier 12.42 
1051. Touch Dimmer, with memory 4.60 
1052 = 3-input Mono Mixer 6.21 
1053 Electronic Metronome 3.22 
1054 = 4-input Instrument Mixer 2.76 
1056 = 8V-20V 8A Stabilized Power Supply 12.42 
1057 Cassette Head Pre-amplifier x IY 74 
1058 —_ Electronic Car Ignition 7.82 
1059 Telephone Amplifier 4.60 
1060  +40V 8A Power Supply 8.28 


YOU SAVE £40 






THE JAP MADE 12V 15AH SEALED LEAD ACID 
BATTERY from regular suppliers costs £50, you can 
have one. from us for only £10 including VAT if you 
collect or £12.50 if we have to send. Being sealed it can 
be used in any position and is maintenance free. All in tip 
top condition and fully guaranteed, Order Ref: 12.5P2. 
Or if you want a smaller one we have 12V 2.3AH, regular 
price £14, yours for only £5, Order Ref: 5P258. 
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CAT. DESCRIPTION PRICE 
No. £ 

1062 5V0-5A Stabilized Supply for TTL 2.30 
1063 12V 2A Power Supply 2.30 
1064. +12V0-5A Stabilized Supply uae 
1067 Stereo VU Meter, with |.e.d.s 9.20 
1068 18V0:5A Stabilized Power Supply 2.53 
1069 Fluorescent Tube Unit from 12V d.c. 2.99 
1070 HiFi Pre-amplifier 7.47 
1071  4-input Selector 6.90 
1074 — Drill Speed Controller 2.76 
1077. = 100W HiFi Amplifier 12.50 
1080 Liquid Level Sensor — Rain Alarm 2.30 
1082 Car Voltmeter, with |.e.d.s 7.36 
1083 Video Signal Amplifier 2.76 
1084 TV Line Amplifier 1.84 
1085 DC Converter, 12Vto6Vor7-5Vor9V 2.53 
1086 Music to light for your car 4.60 
1087 —‘ Thyristor/Triac Tester 2.76 
1088 = Kitt Scanner 10.12 
1089 LED Flasher/555 Tester 1.61 
1090 Stress Meter a.2e 
1093 Windscreen Wiper Controller 3.68 
1094 Home Alarm System 12.42 
1096 2V-30V 5A Stabilized Variable PSU 11.04 
1098 Digital Thermometer, with I.c.d. display 11.50 
1100 2x 18W Integrated Amplifier 18.39 
1103 LED Power Meter 1.84 
1106 Thermometer with lI.e.d.s 6.90 
1107 Electronics to help win the pools 3.68 
1109 40W HiFi Amplifier 7.36 
1112 Loudspeaker protection, with delay 4.60 
1113. 2x 18W Power Amplifier 5.98 
1115 Courtesy Light Delay 2.07 
1118 Time Switch with triac 0-10mins 4.14 
1123 Morse Code Generator 1.84 
1124 Electronic Bell 2.76 
1125 Telephone Lock 3.68 
1126 Microphone Pre-amplifier 4.60 
1127 Microphone Tone Control 4.60 
1128a Power Flasher 12V d.c. 2.53 
1130 Telephone Bug Detector 3.20 
1133 Stereo Sound-to-Light 5.26 


Prices include VAT and carriage if order over £25 
otherwise add £3. Send cash, uncrossed postal 
orders, cheque or quote credit card number. 


J & N FACTORS 


Pilgrim Works (Dept. E.E.) 
) tli ge)atele(-m me: lal- mm 1°) (a1) 


Sussex RH17 5PA 


Telephone: 01444 881965 
(Also fax but phone first) 








BTEC 
Certificated 


TECHNOLOGY 
DISTANCE LEARNING COURSES 


The National College of Technology offer a range of 
packaged learning short courses for study at home or in 
an industrial training environment which carry modular 
BTEC awards leading to a higher BTEC certificate. Study 
can commence at any time and at any level enabling you 
to create a study routine to fit around existing commit- 
ments. Courses on offer include: 


Analogue Electronics 
Digital Electronics 
Fibre/Optoelectronics 
Mechanics & Mechanisms 
Programmable Logic Controllers 
Electronic Testing & Fault Diagnosis 


Tutor support and BTEC certification are available as 
options with no travelling or college attendance re- 
quired. These very popular courses which are ideal for 
vocational training contain workbooks, audio cassette 
lecturettes, PCB’s, instruments, tools, components and 
leads as necessary to support the theoretical and practi- 
cal training. Whether you are a newcomer to electronics 
or have some experience and simply need an update or 
certification, there is probably a distance learning course 
ready for you. Write or telephone for details to: 
National College of Technology 
NCT Ltd., PO Box 11 
Wendover, Bucks 
Tel: (01 296) 624270 








RANGER & SPECCTR A meron 
Together giving the most cost effective 
PCB design system on the market TODAY ! 
SEETRAX'S ease of use combined with 
COOPER & CHYAN'S renowned gridless 

autorouter, at an outstanding price. 


R2 Outputs: 8/9 & 24 pin printers, HP 
Desk & Laser Jet, Cannon Bubble Jet, 
HP-GL, Gerber, 

NC Drill, AutoCAD DXF 


WITH COOPER & CHYAN AUTOROUTER 


Fully comprehensive 

guide to building and using ; 
short/medium range radio transmitters ¥ 
and receivers. Includes detailed and 
practical information on all aspects of 
construction, from simple FM room 
transmitters to more sophisticated and 
powerful audio and data transceivers. 


Manual includes: t 
> AM, FM and UHF Transmitters from micro power up 
to 3 Watts. Covers simple ‘bugs’ as well as circuits 
operating on 27MHz and 418MHz etc. 
> TRACKING AND SIGNALLING. How to build micro 
circuits for finding animals, cars etc. 
> CRYSTAL CONTROLLED TRANSMITTERS. 
High stability circuits. 
> RADIO PAGER AND RADIO CONTROL. How to 
build coded radio keys, multi-channel remote controls, 
radio alarms etc. 
> RECEIVER CIRCUITS. Wide range of 
receiver projects for building high security audio 
links and transceivers. 
> EXTENSIVE assembly information. Includes 
sections on construction, testing, mics, aerials, coils and 
miniaturisation. 
Over 100 detailed PCB, strip-board and point to point 
designs. Manual comes with FREE micro transmitter PCB. 

(Some of the circuits included in the manual may not be used legally in the UK). 

Make cheques/POs payable to 
JCG ELECTRONICS 
P.O. Box HP79, Woodhouse Street, Leeds, LS6 3XN. 


Wide range of Audio/Radio kits available. 
Send stamp for list. Mail order only. 





PCB DESIGN 


RANGER? £150 


Upto 8 pages: of schem: 
Gate & pin swapping - patitomatic back annotation 
Copper flood fill, Power planes, Track necking, 
Curved tracks, Clearance checking, 
Simultaneous multi-layer auto-router 








RANGER2 UTILITIES £250 


COOPER & CHYAN SPECCTRA auto-router (SPI) 
Gerber-in viewer, AutoCAD DXF in & out 





~ Demo Disk available at £5.00 +VAT 





UPGRADE YOUR PCB PACKAGE 
TO RANGER2 £60 


TRADE IN YOUR EXISTING PACKAGE TODAY 
Seetrax CAE, Hinton Daubnay House, Broadway Lane, Lovedean, Hants, PO8 OSG 
Call 01705 591037 or Fax 01705 599036 + VAT & PP 
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ELECTRONICS 
PRINCIPLES 3.0 


For Windows 3.1, '95 or NT. 


If you are looking for a means of improving 
your knowledge of electronics then this is the 
software for you. 

Electronics Principles 3.0 now contains an extended range 
of fully interactive analogue and digital electronics topics, 
including the GCSE Electronics software in one package. 


Input 
impedance Zin’ 


151k 
RLoad 
1k 





Signal Source. Emitter Follower Buffer. Load. 


Formulae. 

— ss Current gain = 150 

Zin = (150 + 1)* Re Emitter Resistor = 1k 
Input Impedance = 151k 


¢ The software is completely self-contained, explanatory text 
and calculations are laid out in additional Windows, 
enabling you to see the effect of changing component values, 
one-at-a-time within the formulae. Graphics, text and 
calculations can be ‘pasted’, in colour into text documents for 
a hard copy reference. 


Loaded Vout = 7.2686V 
Load = 10k 
R2 i] Load =3k19 


Vout = Vin * py@72, 
Effect of connecting 
@ load across FAi2. 


R2 i Load 
Rl + (R2 i Load) 


‘i! means in parallel. 


Vout = Vin * 


¢ Analogue topics, range from simple dc current flow 
through a conductor to complex number ac arithmetic, 
including bi-polar, FET transistors and Op-Amps. Digital 
investigation, from simple logic gates to binary arithmetic 
and number conversion using counters and shift registers. 


¢ Two additional EPE publications are recommended to 
accompany the software, on which the GCSE topics are 
based. Thereby providing the most effective method of study, 
practical investigation, supported by additional reading. 








REVIEWED IN AUGUST ISSUE of EPE! 


Teach-In No. 6, "Design your own circuits.’ by Mike 
Tooley £3.45 and Teach-In No. 7, 'A complete electronics 
course.’ by Alan Winstanley and Keith Dye. £3.95. + £1.50 
each book for UK postage. 







Vv" = 5OV 

‘R' = 100R 
‘L" = 500mH 
‘C’ = 100pF 
‘F* = SOHz 
XL = 157R1 
xC = 31R82 
IR = 500mA 
IL = 318.3mA 
IC =1.571A 

| = 1.64864 
Phase » = 68.4502° 
‘2 = 37R06 





R * XL * XC 


/ XL? = XC? + AR = (XL - XCF 


Teaching Electronics? Our electronics and mathematics 
software is currently used in hundreds of UK and overseas 
schools & colleges to support GCSE, A level, BTEC, City & 
Guilds, Degree level foundation courses and a range of NVQ's 
and GNVQ's where students are required to have an 
understanding of electronics theory. “Copy to Clipboard’ 
feature enables preparation of lecture overheads in colour, 
modify or expand the text to produce your own handouts or 
study notes. 


+5 


Ai ROO Peter aera ease rea 
Control. 1 , +5V 

















‘Data input. 


°- + | 


1 of 8 Latches. 


Data Dutput. | 






R2 
470R 


+0V¥ 


+0 


>" means don't care. 





Complete package still only £49.95 
ELECTRONICS TOOLBOX 3.0 


A Windows version of the popular Toolbox Software. 
Presents over a hundred commonly used formulae in a way 
that makes calculations easier, thus encouraging 
experimentation in circuit design. Just select the formula, 


‘pop’ in your values and find the result. Only £19.95. 


MATHEMATICS PRINCIPLES 3.0 


An easy to use Windows package including GCSE topics, 
enabling you to study or revise in what we believe is an 
interesting and enjoyable way. There are over one hundred 
and fifty mathematics topics with interactive, full colour 
graphics, enabling a "learning through doing" approach to 
encourage experimentation. As used in many schools 
throughout the UK. Only £49.95. 


EPT Educational Software, Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. Tel/Fax: 01376 514008. 
E-Mail Address, Sales@eptsoft.demon.co.uk Web pages http://www.octacon.co.uk/ext/ept/software. htm 
For software only add £2 per order for UK post and packing. Make cheques payable to EPT Educational Software. 
Switch, Visa and Mastercard orders accepted - please give card number and expiry date. 
OVERSEAS ORDERS: Add £2.50 postage for countries in the EEC. Outside EEC add £3.50 for airmail postage. 
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The ) ase to use if you're looking for:- 
rf aay * A WIDE RANGE OF 

\* COMPONENTS AIMED 
_,  ATTHE —~> 
ra» HOBBYIST S244) 

















x MAIL ORDER - generally by _ 
RETURNOFPOSTk #33 







* FRIENDLY SERVICE * 


1995/6 CATALOGUE NOW IN STOCK! 
COST: £2.00. Includes vouchers to offset 
against future purchases. 


OPEN: Monday-Thursday 9.15 - 6.00. 
_ Friday 9.15-5.00 VISA 
Saturday 9.30-5.00 a 


dl weer isn 
PRINT, IS IT PROPER? 


ost advertisements are legal, decent, 
honest and truthful. A few are not, 
and, like you, we want them stopped. 
If you would like to know more about 
how to make complaints, please send for 
our booklet: ‘The Do’s and Don'ts of 


Complaining’. It’s free. 


ASA Ltd., Dept. Z., Brook House, Torrington Place, London WC1E 7HN. 
This space is donated in the interests of high standards of advertising. 


The Advertising Standards Authority. 
We're here to put it right. 
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OMNI ELECTRONICS 


174 Dalkeith Road, Edinburgh EH16 5DX * 0131 667 2611 


astructors catalogue 


NEW IN THIS ISSUE: . 
> wremnay co WRITER Ge 


AMATEUR RADIO 
EQUIPMENT 


ONPUTER BOOKS A 
. ACCESSORIES 


and much more... 


nic co 





The new Summer ’96 edition has 280 
pages packed with over 4000 products. 





»» Even further additions to the Computer section 


extending our range of PC components and accessories 
at unbeatable prices. 





WIN ! £950 Voucher to spend on any Cirkit product 
of your choice in our easy to enter competition. 





100’s of new products including; Books, Connectors, 
Inductors, Switches, Test Equipment and Tools. 





> New Multimedia CD ROM Titles. 





» New Radio Amateur Equipment. 





£25 worth discount vouchers. 





»» 280 Pages, 25 Sections and Over 4000 Products from 
some of the Worlds Finest Manufactures. 





Available at WH Smith, John Menzies and most large 
newsagents, from 25th April, or directly from Cirkit. 





» Get your copy today! 


Cirkit Distribution Ltd 


Park Lane - Broxbourne - Hertfordshire - EN10 7NQ 
Telephone: 01992 448899 - Fax: 01992 471314 
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135 Hunter Street All Prices 

Burton-on-Trent include V.A.T. 

Staffs. DE14 2ST missaeeees “SWwircy Add £3.00 per 

ELECTRONICS LTD __ Tel 01283565435 Fax 546932 £6171 Order p &p 
MAIL ORDER ONLY @ CALLERS BY APPOINTMENT 


Fr EPE MICROCONTROLLER! WINDICATOR = | SPACEWRITER 
P|. TREASURE HUNTER! A novel wind speed indicator with LED read-out. Kit comes * An innovative and exciting 
I The latest MAGENTA DESIGN — highly I complete with sensor cups, and weatherproof sensing I project. Wave the wand through 


. . the air and your message appears. 
stable & sensitive — with MC control ! head. Mainspower unit £5.99 extra. Programmable to hold any message 


— ‘ to 16 digits | & loaded 
I of all timing functions and advanced I UT B86 iad ate eeccereineririoansticetienal CO.UU ' with ” MERRY XMAS’ Kit includes ° 


I pulse separation techniques. BUCCANEER IB PCB, all components & tube + 


§ @ New circuit design 1994 i instructions for message loading. 1 
1 @ High stability al METAL DETECTOR LX A ccvukeusiatiiineiwess £16.99 | 
An Induction Balance (1.B.) detector with 


1 drift cancelling | e ( 12V EPROM ERASER 

I @ Easy to build audible output. Providing good A safe low cost eraser for up to 4 EPROMS at a time 
sensititivy and easy construction. in less than 20 minutes. Operates from a 12V supply 

i & use COMPLETE KIT — INCLUDES ALL (400mA). Used extensively for mobile work — up- 

1 @ No ground HARDWARE, HANDLE, SEARCH 

} effect, works HEAD, PCB etc. 


dating equipment in the field etc. Also in educa- 
in seawater CIRCUIT REJECTS IRON 




















tional situations where mains supplies are not al- 
lowed. Safety interlock prevents contact with UV. 


/, D Id WHILST PICKING UP GOLD, KIT 790 Seseeeeeeeeeeeeeeeeeeeee ee £28 51 
Pw Detects gold, SILVER, COPPER etc. MOSFET 25V 2.5A 
sl ig & I A SOLID RELIABLE DESIGN. POWER SUPPLY 
High rf design h de thi f 
ses HFG scaceatentirns atumniatialateataasnipocae 5A Go idl petoinates devon Hs nets ie one 


1° Efficient quartz controlled 
microcontroller pulse generation. 

1° Full kit with headphones & all 

, hardware 


EKIT 847.0... eeseseee £63.95 5 


DIGITAL LCD THERMOSTAT 


A versatile thermostat using a thermistor probe 
and having an l.c.d. display. MIN/MAX memories, 


1000V & 500V INSULATION imit contol from 0-254. Rugged power MOS 
Output Stage. | oroidal mains transformer. 
TESTER KIT 769 £56.82 


Superb new design. Regulated 

output, efficient circuit. Dual- INSULATION TESTER 

scale meter, compact case. A reliable and neat electronic tester which checks 
Reads up to 200 Megohms. insulation resistance of wiring and appliances 
Kit includes wound coil, cut-out etc., at 500 Volts. The unit is battery powered, 


simple and safe to operate. Leakage resistance of 
case, meter scale, PCB & ALL up to 100 Megohms can be read easily. A very 





—10 to 110 degrees celsius, or can be set to components. popular college project. 

read in Fahrenheit. Individually settable upper and 

lower switching temperstures alle clea oamieel KIT BAB. ciccsssasscseess £32.95 KIT 444... ccccccsssecsnes £22.37 
or alternatively allow a wide ‘dead band’ to be set 

_ - sis yale capa i sia MOSFET MkII VARIABLE BENCH edad ea san ° 
used wi omestic hot water systems. Ideal for igital lock wi ey keypad. Entering a four 
greenhouse ventilation or heating control, aquaria, POWER SUPPLY Q- 25V 2° DA. digit code operates a 250V 16A relay. A special 


anti-tamper circuit permits the relay board to be 
mounted remotely. Ideal car immobiliser, operates 
from 12V. Drilled case, brushed aluminium keypad. 


200 22:10 Serer areemerre ear £19.86 


E.E. TREASURE HUNTER 
Pl. METAL DETECTOR 


home brewing, etc. Mains powered, 10A SPCO Based on our Mkl design and 
relay output. Punched and printed case. preserving all the features, 
RO liiconcenstovemuamal Coe: but now~ with switching 
PORTABLE ULTRASONIC pre-regulator for much higher 


PEsT SCARER efficiency. Panel meters indi- 
A powerful 23kHz ultrasound generator ina com- Cate Volts and Amps. Fully 
pact hand-held case. MOSFET output drives a variable down to zero. 

















special sealed transducer with intense pulses via Toroidal mains transformer. MKI 
a special tuned transformer. Sweeping frequency ae Magenta’s highl 
output is designed to give maximum output with- Kit includes punched and Bavelobee - r 
out any special setting up. printed case and all parts. As acclaimed design. 
KIT 842 £22.56 featured in April 1994 EPE. An Quartz crystal 
aes esses e eee eee eee eee . essential piece of equipment. controlled circuit - 
DIGITAL CAPACITANCE KIT 845 £64.95 MOSFET coil drive. 


D.C. coupled 
amplification. 
Full kit includes 


METER eoeeecsecaeseee 
A really professional looking project. Kit is sup- ULTRASONIC PEsT SCARER 


plied with a punched and printed front panel, 


case, p.c.b. and all components. Quartz con- Keep pets/pests away from newly sa pane) @ KIT INC. 

shart siiebeea of te cage ei 5 reo display sown areas, fruit, vegetable and Saareneeil HEADPHONES 

and high speed operation. Ideal for beginners — . ' : 

as the uF hF aca pF ranges give sear un- flower beds, children $ play garage, @ EFFICIENT 

ambiguous read out of marked and unmarked Patios etc. VN ee Abe aha CMOS DESIGN 

capacitors from a few pF up to thousands of uF. intense pulses oO ultrasoun 

KIT 493...cccecescesesseeeee £39.95 which deter visiting animals. a yi 
@ KIT INCLUDES ALL saath 

ACOUSTIC PROBE @ DETECTS FERROUS AND 


A very popular project which picks up vibrations COMPONENTS, PCB & CASE 
by means of a contact probe and passes them on @ EFFICIENT 100V 





NON-FERROUS METAL - GOLD, 


to a pair of headphones or an amplifier. Sounds TRANSDUCER OUTPUT @ uP TO 4 METRES SILVER, COPPER EIG. 

f ; tches, d h t I 

through walls can be amplified and heard clearly. @ COMPLETELY INAUDIBLE = RANGE @ 190mm SEARCH COIL 

Useful oo instrument engineers, and TO HUMANS @ LOW CURRENT DRAIN @ NO ‘GROUND EFFECT’ 

nosey parkers!. 

NIG POO exis tadeanoaninaianea te og LS BS + GR 2 OB ae eee oe ar eer mee PTA.B1. RUT Bl Oaccecsseacerssinenctatencs £45.95 


DIO) => 4 nd 21 Ol Ole) (Om BD) = Oe) BD) = 5 DC Motor/Gearboxes 


racer Our Popular and Versatile DC motor/Gearbox 
Experience the delight of SURROUND SOUND in your own o@¢ aor sets. Ideal for Models, Robots, Buggies 
home. This project brings full Genuine PRO-LOGIC surround LS | Sait etc. 1-5 to 4-5V Multi ratio gearbox 
sound to you at a fantastic price. The circuit meets all *Dolby 


gives wide range of speeds. 
specifications, with “Stereo”, “3-Stereo” and “Surround Sound” selections. Exactly aS || LARGE TYPE — MGL £6.95 
described in this eegniee 


SMALL — MGS — £4.77 










For minimum cost the “Short Form Kit’ is ideal. This is complete 
except for the case and power transformer. It includes the switches, : 
sockets, and pots, and is ideal for building into a custom set-up with Stepping Motors 
pre-amp and power-amp modules, where power is available. 





. “wu: The alternative “Full Kit” gives the best value option. With a printed || ,qp38...Mini 48 step...£8.65 
front panel, punched rear panel, power transformer and mains lead and black brushed MD35...Std 48 step...£12.98 4 
aluminium knobs. This kit produces a complete stand-alone decoder that can be used with any a pees 


audio. Short Form KIT, Kit Ref: 858 £99. 09 || MD200...200 step...£16.80 
*DOLBY and the double D symbolare trademarks. Kit with case and transformer, Kit Ref: 869 £124.99 MD24...Large 200 step...£22.95 
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PIC , ra ING SYSTEM 


3% WITH OPERATING 

















PIC 











PIC 16C84* 
DISPLAY 


DRIVER 


YOUR KEY (peas boy C00: assencien, INCLUDING 

TO ANOTHER "(Ser £99 VAT | USES PIC16C84 to 
NEW AGE OF ———— + £3.00p4p | drive a 2 LINE x 16 
ELECTRONICS RUNS WITH ANY PC | LCD Display. 

PICs are being used aad oa, eel atk Pee ui 
Lint erp sere ae £8.99 | industry standard 2 line x 16 
to be done witha single chip. # PC LEADS character display, PIC16C84, 
One PIC replaces a board fll of ICs. WE? cans npr canara 
Saving time, space, power, and MONEY. 25.WAY £7.00 | Full display data and program 


HOW DO! START WITH PICs? 
STEP 1 - Buy the PIC-DATS 
Development & Training System 
STEP 2 - Follow May & June ’95 EPE 
Series — showing how to program 
for practical applications 
STEP 3 - Start writing and testing 
your own programs 


SIMPLE PIC16C84 “ay 
PROGRAMMER 


Based on the design in February ‘96 EPE “~ 
Magenta have made a proper PCB for this 
circuit and a full kit of parts. 
The PCB eliminates the risk of layout errors. 
Additional contact points are provided to allow 
connection to RA and unused RB pins when 
testing programs. 

Kit includes 1 — PIC16C84 chip, lead, connector 
and all software. 


Kit 855 



























Programmer Kit — with software disk, lead, 
connector and PIC16C84 chip, including PCB. 


KE OF convtcacesonpaneesusntessatadanianieeiweaniess teen 
Power Supply Unit 12V-14V.............008. 


Extra PIC16C84 Chips............c.cccceeeeeeees 
KIT HIGHLIGHT 


We have noticed a number of customers buying the PIC 16C84 
Programmer and Kit 855. This is an ideal combination. Kit 855 
allows Mains Power to be controlled safely using a PIC16C84. 
Experiment with chaser patterns and dimming using phase control. 
Special kit with all components and blank PIC16C84 and reprints. 
Kit 855/16C84 


Mini-Lab & Micro Lab 
Electronics Teach-In 7 


As featured in EPE and now published as Teach-In 7. All parts 
are supplied by Magenta. Teach-/n 7 is £3.95 from us or EPE 
Full Mini Lab Kit — £119.95 — Power supply extra — £22.55 

Full Micro Lab Kit — £155.95 Built Micro Lab — £189.95 


GENT 


Tel: 01283 565435 Fax: 01283 546932 
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PIC PROJECT - LIGHT CONTROLLER 
DEVELOPMENT SYSTEM (NO SOFTWARE) 

A real-world application for a PIC microchip. This project can be 
made to do just what you chose by writing your own software. It 
can be programmed to work.as a 4-Channel Light Chaser or a 
simple controller for domestic lighting. Zero volt crossing signal is 
provided and there is a 4x3 matrix keypad. (Less case). 





service code is upplied. Ideal 
development base for meters, 
terminals, calculators, 
counters, timers etc. Just 
waiting for your application. 


KIT Ref. 860 £17.99 


6800 DEVELOPMENT AND 
TRAINING SYSTEM 

Never before at this price! Our own 68000 

board kit. Used all over the world in 

schools and universities. Double Eurocard 

PCB with RAM, ROM, and I/O. Full featured 

MONITOR and LINE BY LINE ASSEMBLER 

ON BOARD. Just needs power, and a serial 

link to your PC. Supplied with full data and 

applications course. Use to 

learn, or as a stand-alone 

computer board. 


£55.00! 


Kit Ref 601 


BAT 
DETECTOR 


An excellent circuit which bers 
reduces ultrasound frequencies a 
between 20 and 100 kHz to the normal 
(human) audible range. Operating rather 
like a radio receiver the circuit allows the 
listener to tune-in to the ultrasonic 
frequencies of interest. Listening to Bats 
is fascinating, and it is possible to | 
identify various different types using this 
project. Other uses have been found in 
industry for vibration monitoring etc. 


KIT 814 








All prices include VAT. Add £3.00 p&p. 
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AD847JN £5.71 TBAS8&I10S £0.64 OA47 £0.28 ACI88 £0.48 BC338-25 £0.10 BDX53C £0.47 


AD9696KN £7.73 TBA820M £0.40 OA90 £0.07 ACY17 £3.84 BC348B £0.14 BDXS54C £0.50 
ADEL2020AN £5.06  TDAI024 £1.49 OAQYI £0.10 AD149 £1.67 BC357 £0.25 BFI80 £0.31 
ADM222AH_ £3.55 TDAII70S £2.48 OA200 £0.56 ADI6] £0.92 BC393 £0.73 BF182 £0.31 
ADM232AAN £3.55 TDA2002 £1.04 OA202 £0.29 AD162 £0.92 BC414C £0.13 BFI85 £0.58 
ADM48S5JN = £2.97. TDA2004 £3.11 Zeners 2.7 to 33V BC107 £0.16 BC441 £0.40 BF194 £0.31 
ADM690AN — £5.13. =TDA2030 £1.18 400mW £0.08 BC10O7B — £0.17 BC461 £0.40 BFI94B £0.19 
ADMO9IAN- £6.48  TDA2050V £3.98 1.3W £0.14 BC108 £0.14 BC463 £0.29 BFI9S £0.19 
ADM695AN_ £6.48 = TEASI15 {3.11 Bridge Rectifiers BCIO&8A — £0.14 BC478 £0.32 BF244 £0.35 
ADM699AN — £3.58 = TLO6ICP £0.35 W005 1.5A 50V £0.19 BCIO8C £0.16 BC479 £0.32 BF244B £0.40 


AMP04FP £10.94 TLO62CP £0.60 W02 1.5A 200V £0.20 BC109 £0.17 BC490 £0.24 BF244C £0.35 
BUFO4GP £8.56 TLO64CN £0.72 W04 1.5A 400V £0.22. BCIO9C — £0.19 BC516 £022 BF257 £0.33 


CA741CE £0.26 TLO7ICP £0.48 W06 1.5A 600V £0.22. BCII4 £0.41 BCS17 £0.20 BF259 £0.33 
CA747CE £0.39 TLO72CP £0.50 W0O8 1.5A 800V £0.27. BCIIS £0.41 BC527 £0.20 BF337 £0.40 
CA3046 £0.37 TLO74CN £0.50 W010 1.5A IkV £0.24 BCII6 £0.41 BCS28 £0.20  BF355 £0.38 
CA3059 £1.16 TLO8| £0.33 BR32 3A 200V £0.36 BCII8 £0.41 BC537 £0.20 BF423 £0.13 
CA3080E £0.73 TLO82CP £0.54 BR34 3A 400V £0.40 BC132 £0.36 BC546B £0.08 BF45 1 £0.19 


CA3130E £0.98 TLO84CN £0.50 BR36 3A 600V £0.33 BCI134 £0.36 BC546C £0.08 BF459 £0.33 
CA3140E £0.51 TL494CN £1.49 BR62 6A 200V £0.70 BC135 £0.36 BC547B £0.09 BF469 £0.36 
CA3189E £1.22. TL7705SACP £1.62 BR68 6A 800V £0.59 BC140 £0.25 BC547C £0.09 BFX29 £0.29 





CA3240E Eliz TLC271 £0.54 1004 10A 400V £1.39 BCI4I1 £0.27 BC548C £0.08 BFX84 £0.31 
DG211CJ 21,55. TLC2ZI2 £0.88 2502 25A 200V £1.68 BC142 £0.31 BC549C £0.10 BFX85 £0.32 
DG212CJ £1.55 TMPOIFP £5.60 2506 25A 600V £1.80 BCI143 £0.34 BCS50C £0.10 BFY50 £0.30 
DG411D4J £5.1'] ULN2003 £0.52. Thyristors BC149 £0.21 BCSS56A — £0.08 BFYS| £0.25 


AO0 Secics ~TAVIC Series : DG412D) «£4.19 ULN2004A £0.48 ~POIU2AA =~ £0.30 BC 154. «£036. BC557B. «£0.08 ~~: BEYS2.—s« £0.28 
sale rics T4L S42, £0.25 EL2020CN £4.99 ULN2608 £1.20 TICIO6D ~—-£036— BCI57._—«-£012.—- BCS57C_—- £0.08 BSI07._—£021 
4000 £0.17 74HCOO £0.20 re EL2030CN £5.67 ~—- ULN2803 £0.90 TICI16D £0.66 BC159 £0.17 BCSS58C £0.08 +~— BS170 £0.23 




















































4001 £0.18 74HCO2 £0.21 TAER3) EAT ICL7106 £230 ZN409CE £1.89 TICI26D ~—- £0.77 BCI160.~—- £0.28 ~—— BCS59C_—- £0.08 ~—s BSW66—«E1.35 
4002 £0.17 74HC03 £0.21 Je £35 ICL7611DCPA £1.06 ZN414Z £1.16 Triacs BCI70_—«- £0.16. = BCS60A_—s £0.09 BUI26 ~—£ 1.32 
4006 £0.40 74HC04 £0.18 Tere £030. ~—«ICL 7621 £1.70  ZN4I16E £1.99 ZOIOSDA = £0.42, BCI70B_— £0.16 BCS560B £0.09 BU205 £1.41 
4007 £0.18 74HCO8 £0.21 Jy ete £095‘ ICL8038 £5.25 ZNI034E £3.11 TIC206D £0.65  — BCIT7I £0.11 BC637_ ~—s £0.21 += BU208A_ £1.24 
4008 £0.23 TAHCIO £0.16 iSe3  £0.3)~—«ICM7555 £0.36 EPROM’s  ——_— TIC226D £0.73 BCI7IB £0.16 = BC638_—s £0.21 ~=— BU326A_— £1.40 
4009 £0.19 TAHCI1 = £0.20 ages £035 .«—«ICM7556 «=: £0.98 2716 £4.61 BTAQ8-600B £0.99 = BCI72_—s- £0.13,» BC639.—s £0.21 = BUSOO— «£1.54 
4010 £0.23 74HC14 £0.22 “ArSR6 6 £020.~— L L65V. £2.63 2732 £4.84 TIC236D_ __ £0.96 BCI72B £0.13 BC640 £0.21 BUSO8A £0.98 
4011 £0.20 74HC20 £0.28 TALS86 £0.20 972M £1.89 2764-25 £4.20 Diac, Si. Switch BCI77~—- £0.18 = BCY70 —- £0.22, —-s BUSO8D_— £1.44 
4012 £0.16 J4HC27 £0.16 eos £036—«L297 £6.37 27C64-25 = £3.44. -DB3.32V— £0.20, BCI78. ~—s £0.18 += BCY71 ~—- £0.20. = BUS26~— £1.74 
4013 £0.19 74HC30 £0.22 Troe Fon «L298 £6.99 27C010 £5.74 BRY39_ £1.30  =BCI79 —£0.18 BCY72 £0.20. += BU806_~— £1.06 
4014 £0.30 74HC32 £0.21 TALS83 | £0.02 F347N £0.46 27128-20 = £4.08 Transistors BCI79A £0.17. BDI24P— £6.86. = BUTIIA_ £1.30 
4015 £0.24 74HC42 £0.25 ae igg £0'9] - LESSIN £0.43 27C128-20 £4.08 2NI6I3 = £0.31 BCI82.— £0.11 BDI35 £0.21. ~=— BUTIIAF £1.30 
4016 £0.30 74HC73 £0.40 ee tpsy  LE3S3N £0.42 27256-20 = £4.85 2NI7II = £0.26 BCI82A £0.11 =BDI36 = £0.21 += BUX84_— £0.78 
4017 £0.29 74HC74 £0.23 ees F091  LF356 £0.84 27C256-20 £3.68 9 2NI893_— £0.29 BCI82B £0.12. BDI37_—s £0.23. —s IRFS40_~—s£1.60 
4018 £0.27 74HC7S £0.40 TQ tt fs; LM301A £0.25 27C512 a2) ZN ee BCI82L_ £0.08  BDI38 = £0.22. IRF740_— £1.80 
4019 £0.48 74HC76 £0.20 she ios F03,; _LM308N £0.58 RAM . ZNZ219A £0.25 BCI82LB £0.08 BDI39 — £0.26 = MJ2501 £1.60 
4020 £0.31 74HC85 £0.24 AL SISe E31 EMBIIN-8 = £0.32 4164-15 £1.78 2N2222A £0.18 BCI83.—s- £0.08 ~=BDI40_— £0.25. MJ3001_—£1.80 
4021 £0.31 74HC86_ £0.22 TAr-B133 ENS) ~—CLMBI8 £0.98 6116-10 £1.53 2N2646 Elta BCI83L_ £0.08 += BDISOC = £0.82. MJIIOIS £2.11 
4022 £0.32 74HC107 £0.40 eee £095. LMBION-14 £0.96 6264-10 £3.16 2N2904A £0.25 BCI83LB £0.08  BDI65 £0.42 MIJII0I6 £2.56 
4023 £0.16 74HC123 £0.33 7AERI26 E> M324 £0.24 41256-10 £2.80 2N2905A £0.25 BCI84 —s- £0.08 += BDI66.~—s£0.35. MJE340_—-£0.40 
4024 £0.32 74HC125 £0.24 The 3s f036.« LM335Z £1.52  62256-10 £5.30 2N2907 = £0.20 BCI84L £0.08 BDI87 ~— £0.39 = MJE350._—-£0.48 
4025 £0.15 74HC126 £0.46 T7813) £030 LM339N £0.24  511000-8 £8.54 2N2907A £0.20 BCI86_—s- £0.33, = BD201_~—s £0.40 += MPSAOS £0.14 
4026 £0.78 74HC132 £0.37 rere e949 LM348N £0.31  514256-8 £6.88 2N2926 £0.16 BC204C £0.72, += BD202.—s- £0.40 += MPSA06_— £0.12 
4027 £0.25 TAHC133 £0.29 o8130 «£095. _LM358N £0.27 A/D Converters 23053 £0.27 BC206B £0.72 ~~ BD203.—- £0.40. = MPSAI3_— £0.12 
4028 £0.34 74HC138 £0.25 ee eee LM377 £2.57 Data Acquisition 2N3054 £0.85 BC207B £0.74 BD204. = £0.40. +~=MPSA42__ £0.17 
4029 £0.40 74HC139 £0.31 74L 8145 £1@  EM380N-14. £1.12. AD420AN "£25.38 2N3055_— £0.58 BC208 £0.72 BD222 ~—«- £0.58 + ~=MRF475_— £7.28 
4030 £0.17 74HCIS! £0.33 TaLQiae Eh2@ — LM381N £2.64 ADSSTJIN £8.75 2N3439 — £0.62 BC209A £0.72, = BD225.— £0.42, TIP29C_—s£0.31 
4031 £0.70 74HCI53 £0.27 sALS15| £095 _LM386 £0.79 ADS74AJN £18.48 2N3M0 — £0.50 BC212 £0.08 BD232 £0.50  TIP30C £0.31 
4033 £0.56 74HCIS4 £0.85 Then boos —-LM392N £0.79 AD767JN £20.88 2N3702_— £0.09 BC212L_ £0.08  BD237—- £0.32—s TIP3IC— £0.41 
4034 £1.24 74HCI57 £040 Of 83 f039«~—LM393N £0.21 AD775JN £18.48 2N3703 £0.10 BC212LB_ £0.08 BD238 = £0.44 «~TIP32C —s£0.4| 
4035 £0.31 74HC158 £0.23 The E55 © LM709T £0.79 AD7226KN £25.69 2N3704 £0.10 BC213_ £0.08 = BD240C_—- £0.37. TIP33C_——«£0.72 
4040 £0.38 74HCI60 £0.64 27-813) tose «= LM733 £1.04 AD7528JN £8.63 =  2N3705 £0.10 BC213B_ £0.08  BD243B £0.50 = TIP4IA £0.48 
404 | £0.31 74HCI6! £0.28 Fee F020 «~—C LM748CN-8 = £0.37. AD7545AKNE14.04  2N3706 £0.10 BC213LC £0.08  BD244A £0.53 TIP42C_— £0.52 
4042 £0.22 T4HC162 £0.45 reise £99]  -LMS79CP —s £3.38. «= AD7581JN £25.80 2N377! £1.44 BC214_ £0.08 += BD244C_—- £0.53 TIP47 £0.48 
4043 £0.28 74HC163 £0.27 TALSIOR fP2) EMI458 £0.37. AD7828KN £20.33 2N3772 — £1.51 BC2I4L £0.08 BD245C £1.18 — TIP48 £0.62 
4044 £0.35 74HC 164 £0.35 T4LSI60 £0.48 Tui gat £3.92 AD7845JN £14.04 2N3773_— £1.70 BC225_ £0.15 BD240_—s £1.18 = TIPSO. ~— £0.53 
4046 £0.52 TAHCI6S £0.35 airsies £044  -LM2917N8 = £3.10 ICL7109C PL £7.75 = 2N3819 = £0.40 BC237B £0.09 BD246C £1.18  TIPI2I1. £0.48 
4047 £0.47 AHCI73 £0.38 e163 £032: LM3900N = £0.72 TLCS49IP £3.51 = 2N3820 £0.66 BC238B £0.09 = BD283—s £0.61 ~— TIPI22.—-£0.48 
4048 = £0.28 T4HCI74 £0.27 ir eiea £094  (|-LM3909N = £1.76 ZN425E = £5.94 2N3904 £0.10 BC238C £0.09  BD284 = £0.61 ~—s TIPI25 ~—- £0.46 
4049 £0.22. 74HCI75 £0.35 TALSI64 £0.24 Pxg301 | £2.56 ZN426E = £3.13, 2N3905— £0.10 BC239C_ £0.10 =BD400 ~—-£0.79-—s TIPI27._—s« £0.40 
4050 £0.26 74HC192 £0.72 hey £0300 LM3914 £2.30 ZN427E =. £9.25 2N3906 £0.10 BC250A £0.15  BD441 £0.41 TIPI32 —_—-£0.46 
4051 £0.43 74HCI95 £0.32 sh ei53 6094: LM3915 £2.70 ZN428E = £5.94 2N4036 £0.34 BC251 £0.13. BD442,—s« £0.37. TIPI37 ~—- £0.56 
4052 £0.32, T4HC240 £0.37 oirsi7a £004  -MI3600 £1.66 9ZN439E8 £7.13 ZN5245 £0.80 BC252_ £0.13. BDS34.— £0.47. TIPI42 ~— £1.30 
4053 £0.40 74HC241 £0.37 ee £954. (LMC660CN £2.16 ZN448E = £7.02, 2N5296 £0.57 BC261B_ £0.30 BDS35 = £0.50-—s TIPI47_— £1.12 
4054 £0.56 74HC243 £0.48 TART EN2* — TMC6032IN £1.55 Voltage 2N5321 £0.57 BC262B £0.24 = BD536.—£0.65.— TIP2955_—-£0.97 
4055 £0.34 74HC244 £0.42 They g94  LMC6042IN £1.82 Regulators _ 2N5322 £0.57 BC267B £0.30 = BDS81_~— £0.62. TIP3055—-£0.70 
4060 £0.44 74HC245 £0.46 airsio2 £060 LPBIIN £0.74 7805 £0.44 2N5401 £0.11 BC307_—- £0.10 += BDS97_—s- £0.92. +s VNIOKM_ £0.48 
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The introduction to our P/C-Tock Pendulum Clock project this month gives some 
insight into how this design came about. With so many projects in each issue and the 
need to keep coming up with new ideas we always welcome suggestions for unusual 
projects. Of course we get quite a few sent in ‘‘out of the blue’’, or readers ask us if we 
have ever published anything for a thingamewotsit? Provided we feel these ideas will be 
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.. . AND REDEVELOPMENT 
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issue if things go to plan. 

We have now published three different Mind Machines from Andy Flind, each one 
being a major improvement on the previous design. Andy is also now working on an 
improved TENS Unit (TENS stands for Transcutaneous Electrical Nerve Stimulation) 
that we hope will be published in the next few months. His previous Simple TENS Unit 
and Advanced TENS Unit have been amongst the most popular designs we have ever 
published and we know from your letters and comments that they have brought relief to 
hundereds of pain sufferers. 

As technology marches on at an ever increasing pace it is possible to improve on old 
ideas (and to come up with new ones like the PIC-Tock) and we will continue to bring 
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We are unable to offer any advice on the use, 
purchase, repair or modification of com- 
mercial equipment or the incorporation or 
modification of designs published in the 
magazine. We regret that we cannot provide 
data or answer queries on articles or projects 
that are more than five years old. Letters 
requiring a personal reply must be accom- 
panied by a stamped self-addressed en- 
velope or a self-addressed envelope and 
international reply coupons. Due to the cost 
we cannot reply to queries by Fax. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 
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We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 

We advise readers to check that all parts are 
still available before commencing any project 
in a back-dated issue. 

We regret that we cannot provide data, or 
answer queries, on projects that are more 
than five years old. 
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JOHN CHATWIN 


Simply add the characteristic 
flanging sound to your guitar 
effects repertoire. 


sound of the modern electric guitar, it is 

probably the flanger. Ever since the 
widespread availability of cheap analogue 
delay lines, the effect has become realisti- 
cally pedal sized. It has been taken up by 
guitar players in all styles, from pop to 
classical, and is used to enrich the sound 
of many other electronic instruments. 

Anyone who is not sure exactly of the 
effect that a flanger produces will certainly 
have heard it used on countless records. 
It can range from a sort of epic tonal 
sweep, like phasing, through to a fast 
bubbling vibrato. A classic flanged guitar 
sound was used by Andy Summers on the 
1980’s Police records. These days it is a 
great basic effect, along with ‘‘chorus’’, 
which is similar, for beefing up guitars and 
keyboard instruments. 

The original flanging effect was 
produced accidentally — according to the 
mythology — in some recording studio 
when an engineer inadvertently put his 
finger on the flange of a tape deck that was 
playing back onto another machine. This 
had the effect of slowing down the tape 
fractionally until he removed his finger. 


I: ANY single effect characterises the 


IN Vag 
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Fig. 1. Functional block diagram for the MN3207 delay line (left) and MN3102 clock 


generator devices. 
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When the faulty recording was played 
back in sync with the original, the slowed 
down section was, of course, played back 
at a relatively faster speed. This created an 
interesting cross modulation effect, which 
became known as flanging. However, until 


PREAMPLIFIER 
LOW PASS 
FILTER 


CLOCK 
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‘straight’? version of the sound to create 
the effect. 

In flanging, the delay required is only 
very small, no more than 15ms or so, 
which means that relatively simple 
analogue delay lines can be used. 
Generally speaking, analogue delays are 
now not used much in audio applications 
for anything over about 50ms because of 
the noise and distortion they can introduce. 

With the short delays needed for flang- 
ing, though, they can produce very accept- 


MODULATION 
ON/OFF 


6 LOW FREQUENCY 
MODULATION OSCILLATOR 

LOW PASS 
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Fig. 2. Block diagram of the Analogue Delay and Flanger. 


it could be produced by purely electronic 
means, its generation was really limited to 
the recording studio. 

Electronic flangers work by slowing 
down and speeding up signals passing 
along a delay line. This causes the required 
de-tuning, which can then be mixed with a 


WAVE Voc 5 
FORMING GENERATOR 


DOB) 


OX1 OX2 OX3 





able results. It has to be said, however, 
that most high quality flangers and chorus 
pedals now employ digital delay lines, and 
are correspondingly quieter. 


PASS THE BUCKET 


Analogue delay lines operate by using a 
form of shift register which is driven by a 
timing circuit or clock. Within the shift 
register are tiny capacitors which store 
samples of charge relating to the level of 
an input signal. The input is fed into 
the first capacitor and then the charge 
is progressively shifted from capacitor to 
capacitor within the i.c. in synchronisation 
with the clocking signal. 

This type of system is sometimes called 
a ‘‘bucket brigade delay’? or BBD, be- 
cause of the way information is passed 
along it. A typical BBD chip might have 
around 500 or 1000 stages. In this circuit, 
the MN3207 delay chip has 1024 stages. 

Some analogue delay chips include an 
on-board clock but the MN3207 has a 
partner chip, the MN3102, which provides 
the clock signal and the gate supply 
voltage required by the MN3207. As can 
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Fig. 3. Complete circuit diagram for the Analogue Delay and Flanger. 
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be seen from the block diagrams of the 
two chips in Fig. 1, the MN3102 in fact 
produces two clock signals, CP] and CP2. 
These operate at half the frequency of the 
master oscillator, and are out of phase with 
one another. 

The frequency at which the clock runs 
determines the delay time and, to some 
extent, the quality of the output signal, as 
it also controls the rate at which the input 
signal is sampled and passed along the 
register. The MN3102 will operate at 
a rate anywhere between 1OkHz and 
100kHz, which provides an audio signal 
delay of 2.56ms to 25.6ms_ with the 
MN3207. It also allows for the clock 
frequency to be varied according to an 
external modulation signal. 


BLOCK DIAGRAM 


It can be seen from the block diagram in 
Fig. 2 that the Flanger/Delay unit consists 
of six main parts: input preamp, input fil- 
ter, delay, clock oscillator, low frequency 
modulation oscillator and an output filter. 

The circuit diagram for the complete 
unit is shown in Fig. 3. Signals enter the 
circuit via the d.c. blocking capacitor Cl 
and are passed to the low noise inverting 
amplifier IC4. 

The gain of this stage is controlled by 
the potentiometer VR2. In essence, this 
allows the circuit to be matched to a 
variety of input signal levels from various 
sources, such as guitars, keyboards or 
microphones. The unit could also be 
incorporated into a public address (PA) 
system or guitar amplifier effects loop. 

From [C4 output pin 6, signals are fed 
into a two-pole I5kHz active low pass 
filter, based around IC5. The filter is re- 
quired to remove any high frequency sig- 
nals before they get to the delay line, as it 
would be unable to process them correctly, 
and they would tend to increase levels of 
noise and distortion. 

From IC5, signals enter the delay line 
IC3, the MN3207 BBD chip. The MN3102 
clock generator is IC2. The two clock sig- 
nals from IC2 pins 2 and 4 are connected 
directly to IC5 pins 2 and 6, respectively. 
The Vo. gate supply voltage from IC2 pin 
8 to IC3 pin 4 is decoupled by capacitor 
C10. 

The basic clock frequency of IC2 is set 
by capacitor C9 between pins 5 and 7, and 
the resistance between pins 6 and 7. In this 
circuit, the timing capacitor is 220pF, but 
for other applications its value could range 
from around 39pF to 240pF. 

Between them, op.amps [Cla and ICIb 
form the low frequency modulation os- 
cillator (LFO) which produces a triangle 
wave Output at a frequency controlled by 
potentiometer VR1 and capacitor C2. With 
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the component values shown, VRI enables 
the frequency to be varied from around 
0-3Hz to about 4Hz, which gives a good 
usable range of fast and slow flanging. 

The output from the LFO is channelled 
through resistor R7 to the selector switch 
Sl. This switch allows you to use the LFO 
to modulate the clock frequency produced 
by the MN3102 — to automatically create 
the flanging effect — or to manually change 
the delay rate using VR3, thus creating an 
echo. effect. With the switch in the modul- 
ation position, VR3 is disconnected, and 
the modulation voltage is applied through 
the potential divider formed by resistors 
R12 and R10. 

If you do not require the echo effect 
option and just want to use the circuit as 
a flanger, the LFO can be connected as 
shown in Fig 4. This avoids the need for 
switch S1 and potentiometer VR3. 


R7 
FROM LFO 6k8 


IGia PIN 1 





Fig. 4. Connecting the LFO without 
modulation switch S17. 


The output from the delay line is via 
IC3 pins 7 and 8. Potentiometer VR4 
provides a mid-point, and can be adjusted 
to give the best response. Correct balance 
of the two signals being summed at VR4 
may not be a problem unless you use the 
clock at very low speeds. From the wiper 
of VR4 the signal is passed to IC6, which 
is another low pass filter. This removes the 
high frequency clock noise that is superim- 
posed on the audio signal by the delay 
circuitry. 

From IC6, the processed signal is sent to 
IC8, which is wired as a low gain (about 
x10) buffer. Via capacitor C5, an un- 
processed version of the audio signal from 


the output of the first preamp, IC4, is also — 


fed to IC8. From IC8 the combined signal is 
then sent through the level control. poten- 
tiometer VR6 to the output socket SK2. 
Potentiometer VR5, connected to the 
combined signals from IC4 and IC6, is 
the control that sets the amount of signal 
routed back to the input of IC4. VR5 can 
be used to maximise the resonant qualities 
of the flanging effect, as it allows the 
circuit to be operated close to maximum 


feedback level. In the delay mode, VR5 
allows the creation of repeat echoes. 


POWER SUPPLY 


Power for the circuit can be provided 
by a 9V supply, such as a PP3 battery. 
The actual voltage is not critical and the 
circuit will probably work with voltages 
from around 6V to I5V. The power sup- 
ply lines are decoupled by capacitors C11 
and C12. Light emitting diode (I.e.d.) D1 
provides power-on indication, with its cur- 
rent limited by resistor R25. 

The centre rail voltage for the non- 
inverting input of IC4 is provided by resis- 
tors R2 and R3. IC7 and IC8 share a 
mid-rail voltage provided by R19 and R20. 


CONSTRUCTION 


Component layout and tracking details 
of the printed circuit board are shown in 
Fig. 5. This board is available from the 
EPE PCB Service, code 111. 


COMPONENTS 


Resistors 
R1 to R38, R11, 

R19, R20 47k 
R4,R15, R16, 

R21, R24 10k 
R5 5k6 
R6, R23 1k 
R7,R10,R12 6k8 
R8,R13,R14 100k 
R9 470k 
R17,R18, R22 12k 
R25 6800 

All 0:-25W 5% carbon film or better. 


Potentiometers 
VR1, VR3 100k rotary carbon lin. 
(2 off) (see text) 
VR2 470k rotary carbon lin. 
VR4 10k preset, horiz. 
VR5 25k rotary carbon log. 
VR6 1k rotary carbon log. 


See 


TALK 


Page 


Capacitors 
C1, C4, C5, 
C8, C13, C16, 
C17, C19, | 
C22 to C24 1, elect. radial, 16V 
(11 off) 
22 elect. radial, 16V 
10 elect. radial, 16V 
(2 off) 


1n ceramic disc (4 off) 
220p ceramic disc 
2u2 elect. radial, 16V 
100 elect. radial, 16V 
100n polyester 
C20, C21 39p ceramic disc (2 off) 
Semiconductors 
TLO72 
MN3102 
MN3207 
IC4 to IC8 TLO71 (5 off) 
D1 red l.e.d. and clip 


Miscellaneous 
S1 d.p.d.t. min. toggle 
switch (see text) 
S2 S.p.s.t. min. toggle 
switch 
SK1, SK2 standard mono jack 
socket, 0-25in (2 off) 
Printed circuit board, available from 
the EPE PCB Service, code 111; 8-pin 
d.i.1. socket (7 off); knob (5 off); connect- 


ing wire; solder, etc. 


Approx Cost 
Guidance Only 
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Fig. 5. Details of the printed circuit board component layout and wiring, plus full-size underside copper foil master track pattern. 
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The additional wiring to the potentiometer bodies ensures satisfactory screening by 





connecting them to the OV point on the jack socket. 


Assembly of the p.c.b. should be 
quite straightforward as the components 
are well spaced out. Take the usual 
precautions against heat damage, and 
solder the resistors and wire links in first. 
Check the polarity of the polarised 
components, and use sockets for all the 
i.c.s. The i.c.s should not be inserted until 
after all the other construction has been 
completed. 

Connections to the potentiometers can 
be made with thin multi-strand wire. Do 
not use solid-core wire as it will tend to 
break at connection points if it is moved 
about too much during assembly. All 
connections to the p.c.b. should be as 
short as possible to minimise noise pick- 
up. However, as long as you use an 
earthed metal case, noise should not be 
too much of a problem. 


SETTING-UP 


Setting up the unit is very simple. Plug 
a guitar into the input, and take the output 
to a normal guitar amplifier. 

Completely turn down the volume con- 
trols on the amplifier, and the level and 
feedback controls on the flanger. Connect 
a PP3 battery to the circuit, switch on $2 
and check that the I.e.d. comes on. Turn 
up the volume on the amplifier slightly, 
then bring up the output level control on 
the Flanger and listen for a slight back- 
ground hiss. This will usually indicate 
that the unit is working. 

If you cannot hear anything unusual 
(like the sound of chips expiring!), turn 
up the input level and cM@eck that a signal 
on the input turns up at the output. With 


ie 
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FEEDBACK 


(STEREO JACK) 


a 
DPDT SWITCH 
@ 
¥ (EFFECT BYPASS) ze 


BY-PASS SWITCH 


If the Flanger is going to be used as a 
musical effects unit, you will need a way 
of turning it on and off without having to 
disconnect the power, which can cause 
horrendous noise spikes unless you dis- 
connect the output first. This can be a bit 
impractical! 

The standard way of arranging an ef- 
fects by-pass switch is shown in Fig. 6. 
This method disconnects both the input 
and output of the active circuit when 
the by-pass switch is operated, which 
eliminates switching noise. 

The circuit also incorporates a stereo 
input jack socket wired as an overall 
power on/off switch. Again, this is 
common practice in manufactured effects 
pedals, and does away with the need for a 
power switch. When a normal mono 
guitar or instrument lead is plugged into 
the input socket, the earth sleeve shorts 
across the first two connections and 
connects the negative terminal of the 
battery to the negative supply rail. 

The only drawback with this arrange- 
ment is that you must remember to pull 
out the input lead if the unit is not going 


{MONO JACK) 


IN OUT 


FLANGER 





=v 


Fig. 6. How to wire the unit to a by-pass switch. 


switch SI set for Delay, you should hear 
short echo effects, with VR3 controlling 
the length of the delay. In this mode, VRI 
has no affect. 

With switch SI set to Flanging, the 
flanging rate can be controlled by VRI, 
but with VR3 having no effect. 

Use the input level, output level and 
feedback controls to get the best effect. If 
there is a background whining from the 
clock circuit, try adjusting the preset VR4 
to balance it out, though it may still be 


just audible if the unit is used with a very 


sensitive amplifier. 


a 
INPUT Quireul 


iN 


to be used for a while, otherwise the bat- 
tery will run down. 


CASING THE UNIT 


Assuming that all is well, the unit can 
be mounted in a case. The prototype unit 
was actually mounted in a large case 
which also houses other effects units. A 
metal case is recommended so that the 
circuit will be well screened. If you must 
use a plastic case, try screening the inside 
with tin foil, but remember that unless the 
case or screen is connected to earth, it 
may make noise levels worse. 


OFFAON 
guT 


OUT 
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A roundup of the latest Everyday 
News from the world of 
electronics 











MORE SPENDING ON 
BRITISH INNOVATIONS 


CBI reports good prospects for sensors and electronic tagging 
— by Hazel Cavendish 


RITISH Companies spent 

more on innovation in 
the last two years than in the 
previous five, according to an 
Innovation Trends Survey run 
by the CBI and the NatWest 
Innovation and Growth Unit. 
487 manufacturers and 200 
non-manufacturers took part 
in the survey. 

Manufacturers spent 6:2 
per cent of their turnover on 
innovation last year, while 
non-manufacturers reported 
10-6 per cent, in both cases 
showing a marginal drop 
from record 1994 figures but 
showing a healthy increase in 
the opening years of the 
decade. Most encouraging 
was the igcrease in collabora- 
tion between manufacturing 
and academics shown by 
an analysis of the Govern- 
ment’s Technology Foresight 
programme. 


Patents Falling 

A more _— disappointing 
statistic to emerge from the 
survey was the significant fall 
in the number of manufac- 
turers committed to patent- 
ing. This fell from 77 per cent 
in 1994 to 62 per cent last 
year and was echoed by a 10 
per cent drop. for  non- 
manufacturers. 

John McClelland of IBM, 
who took part in the 
Foresight exercise, had pre- 
viously drawn attention to the 
small number of American 
patents registered by the UK 
since 4980, pointing out that 
this was an indication of just 
how badly Britain lagged 
because Government and 
Industry were spending too 
little on research. 

He warned that, in modern 
industry, it is “patent or 
perish”. Budgets had _ been 
trimmed to an unacceptable 
level when it took five million 
dollars of research to come up 
with one patentable notion. 

Another Foresight panel 
urged that the amount of 

R&D devoted to telecom- 
munications and information 
technology should be substan- 
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tially increased, and the Com- 
puters panel called for greater 
investment in ‘“‘leading-edge 
technologies’’. 

As a- result of the 
survey’s sector reports, the 
Department of Trade and 
Industry is putting £36m into 
supporting research in six 


fields with long-range market 


Opportunity and _ scientific 
potential. Two of these fields 
are sensor and automation 
technology, and communica- 
tions and computers. 


Cranfield’s 
Sensor Success 


Cranfield University, which 
celebrates its fiftieth anniver- 
sary this year, was chosen 
in the ’80s for a_ Lever- 
hulme Trust-sponsored chair 
in biotechnology - the en- 
gineering of medicine — be- 
cause of its excellent links 
with industry. 

Subsequently, their Biotech- 
nology Centre has developed 
sensors which detect bacteria 
in water, including the 


detection of waterborne dis- 
eases such as Legionella, and a 
fermentation monitor which is 
able to measure the growth 
foods 


of micro-organisms in 
such as yoghurt, 
bread and beer, 
enabling improved 
control of fermen- 
tation processes. 

Professor Tony 
Turner, head of the 
Biotechnology Cen- 
tre, says bio-sensors 
have a great future 
in health care with 
their ability to both 
detect and monitor 
illnesses in the early 
stages. 

He believes tiny 
sensors could be 
used in private 
homes, connected 
to personal com- 
puters, able to 
throw up medical 
conditions — which 
can then be 
reported to the 








Biosensors for home blood-glucose measurement. None are 


of British manufacture, even though they could have been. 


patient’s doctor. This will 
greatly reduce the doctor’s 
load in making patients’ visits 
necessary only when the sensor 
shows that something — is 
wrong. 

“In health care in future 
we will be looked after in our 
homes, secure in the power of 
complete diagnostic systems 


and continuous monitor- 
ing, all based on our 
computers”, he says, adding 
that recent research with 
sensors has shown _ that 
improved monitoring can 





Prototype printed biosensors produced 
at Crantield University for J/actate 
measurement. Lactate measured in 
vivo or in vitro gives an indication of 
fitness in, for example, human athletes 
or race horses. 


greatly reduce the complica- 
tions of diabetes. 

His Centre’s development 
of sensor technologies is the 
basis of all three of the 
best-selling devices used by 
diabetics to measure blood 
sugar levels before meals, but 
he is disappointed that British 
industry’s failure to follow up 
on his department’s research 
has resulted in three foreign 
market leaders making mil- 
lions of dollars annually, 
based on a Cranfield sensor. 
The sensors shown in_ the 
photograph above originated 
from the USA and Japan. 


Tagging Growth 

Electronic tagging is 
another growth area of 
considerable potential. This 
has many applications in 
addition to the familiar plastic 
rectangles attached to 
merchandise in stores which 
sound off a daunting alarm 
when we thoughtlessly pluck 
a garment from a rail for 
personal inspection. 

St James’s University 
Hospital in Leeds _ intro- 
duced baby-tagging following 
the abduction of Abbie 
Humphries from the Queen’s 
Medical Centre in Notting- 
ham in 1994, 

Unfortunately this develop- 
ment has been beset by 
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problems caused by inter- 
ference from other equip- 
ment, or because the tagging 
devices were originally de- 
signed for different environ- 
ments. 

St James’s actually aban- 
doned the experiment and 
reverted to other security 
measures, but Queen Char- 
lotte’s Hospital in London 
and Edinburgh Royal Infir- 


mary’s Simpson Memorial 
Maternity Pavilion have 
expended much time and 


effort to fault-proof their 
systems. Hospitals have so 
much electrical machinery 


that innumerable things can 
set off the alarms, including 
vacuum cleaners and _televi- 
sion sets. 

Now a real opportunity 
for electronic tagging com- 
panies has come up as a 
result of the BSE problem. 


Europe requires a_ tagging 
system for cattle, and a 
National Cattle Database 


Working Group is consider- 
ing the matter:while several 
British electronic companies 
are working feverishly to 
produce the answer, said to 
be worth £42 million 
annually to the company that 
can deliver the goods with 
the minimum delay. 

It is to be hoped that 
for once Britain will win 
this lucrative prize ahead of 
Europe and the Far East. 





PRECISION CAPPING 


THOSE needing to accurately 
measure Capacitance values 
should consider the latest 
digital capacitance meter from 
Seme Ltd. The DKM190 
is capable of measuring 
Capacitors in range from 1pF 
to 20,000.F with an accuracy 
of.0.5%, 

The instrument is operated 
froom a 9V battery, with a 
running time of approximately 
200 hours (depending on the 
type of battery used). If the 
power falls below the operat- 
ing voltage, the low voltage 
warning symbol is displayed. 


With its wide capacitance 
measuring range, this instru- 
ment can be employed in 
all fields of electrical and 
electronic engineering, par- 
ticularly in radio and television 
design and repair workshops. 

The meter is supplied with 
a carry bag, test leads, bat- 
tery and instruction manual, 


at a price of £73. 
For further information, 
contact Seme Ltd., Dept. 


EPE, Unit 2, Saxby Road 
Industrial Estate, Melton 
Mowbray, Leics LE13 1BS. 
Tel: 01664 65392. 








Valve Transformers 


A RANGE of transformers specially designed to meet the needs of the resurgent valve market has 
just been launched by Variable Voltage Technology Ltd. Aimed at the electronics and amateur radio 
enthusiast, the new VTM range is manufactured to traditional requirements, but using modern 
methods and materials, including high grade annealed copper wire and high quality grain-orientated 


laminations. 


The VTM transformers have been designed to give a low flux density to ensure reduced exter- 
nal magnetic fields. They meet the requirements of EMC (electromagnetic compatibility) and low 


if 


Your Flexible Friend 
P.1.D.A., the 


Professional 
Instrument Distributors As- 
sociation, has advised us that 
a new flexible a.c. current 
probe has been introduced. 
The probe is_ ideal for 
irregular shaped conductors 
with difficult access. 
Compatible with any digi- 
tal multimeter, chart recorder 
or oscilloscope, LEM-flex is 
claimed to be the most ver- 
satile measuring device of its 
type, providing wrap-around 
flexibility with two standard 
Current ranges to each unit. 


Compact, light and portable, 
it has the added benefits of a 
wide bandwidth, one per cent 
accuracy, electrical isolation 
and rugged durability. 

Standard models = from 
P.I.D.A. are available in 
lengths of 61cm, 91cm and 
122cm, with dual ranges of 
30A/300A, 300A/3000A and 
600A/6000A. 

For further information, 
contact P.I.D.A.; Dept. EPE, 
3 Brackenley Court, Embsay, 
N. Yorks BD23 6PX. Tel: 
01756 799737. 
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voltage directives. 


Frame or vertical mounting types can be specified and 
are available for the following applications: mains trans- 
formers for HT circuits with or without filament wind- 
ings; filament transformers; mains smoothing chokes; out- 
put transformers; grid coupling transformers. 

As a specialist transformer design and manufacturing 
company, VVT can customise its standard range of trans- 
formers to meet non-standard requirements. For 
information, contact Variable Voltage Technology Ltd., 
Dept. EPE, Unit 24, Samuel Whites Estate, Medina Road, 
Cowes, Isle of Wight, PO31 7LP. Tel: 01983 280592. 


more 





SCHOOLS ONLINE 


The **Schools Online’’ project — a 
pilot study to promote structured 
education via the Internet — will be 
expanded from 60 to over 200 
participating schools with an extra 


£450,000 funding from the DTI if 


teachers and sponsoring companies 
want it to go ahead, Science and 
Technology Minister Ian Taylor 
has recently announced. 

Phase two will aim to further 
develop the Internet 
teachers and students, provide 
accreditation for participating 
teachers, produce best practice case 
studies for UK-wide distribution, 
continue mentor support from 
sponsors, and disseminate the 
lessons to all schools in the UK. 

Initial evaluation shows that the 
DTI’s project has been a “‘sig- 
nificant contribution to  under- 
standing the information  super- 
highway’’. 

Speaking at the ‘*Schools On- 
line’’ conference in Birmingham, 
Tan Taylor said: ‘‘Information and 
communications technology have 
the potential to make a massive 
contribution to how our children 
learn and equip themselves for 
life and work in the next century. 

‘‘The key has been the 
development of software to 


skills of 


support better use of the Internet 
in schools’ teaching. Schools can 
now go on-line via the standard 
telephone, but higher capacity 
connections are now _ being 
marketed to schools.’’ 

Further information is available 
from Tom King, Schools On- 
line Project Manager, tel: 01924 
378111. 


REVEILLEZ! 


French car makers, Renault, 
are developing a device which 
will wake drivers up if they are 
nodding off behind the wheel. 
A small infra-red camera system 
continually monitors the driver’s 
eyelids and measures how long 
they are closed. If they stay shut 
too long an alarm sounds. 

Drowsiness is said to be the 
second commonest cause of acci- 
dents involving heavy lorries and 
coaches in France. Renault feels 
that its system can help prevent a 
significant number of accidents. 
The majority of drivers asked are 
in favour of the concept. 

The system will be operational 
on an experimental basis early in 
1997 and is likely to be adapted 
for cars as well. 
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TIME-BOMB 2000 


Innovations in EPE August 
1996 briefly reported on the 
potential problems for business 
computer systems which may 
crash with the “00” of the mil- 
lennium date change. 

A recently received press 
release from the Department of 
Trade and Industry (DTT) 
confirms that the pending 
problem is real and not just a 
media story befitting April 1st 
or the Summer Silly Season. 

Apparently, the UK has taken 
the initiative over the mil- 
lennium date change within 
Europe. The Minister for 
Science and Technology, Ian 
Taylor, says that he has ‘“‘asked 
senior representatives of inter- 
ested parties in industry and 
the Bank of England _ to 
discuss remedial action with me 
and encouraged the Computing 
Software and Services Associa- 
tion to set up a task force to 
examine the action that can be 


taken in conjunction’ with 
users. 
“Government departments 


have also been asked to draw 
up an action plan to show how 
they will deal with the problem 
internally and to assess how 
much of a problem there might 
be for any industrial sectors 
they sponsor. Within the DTI 
the Information Society Initia- 
tive will provide advice for 
companies. 

“If the time-bomb is to be 
stopped from exploding we all 
need to start planning now’, 
he added. 

The DTI advise that the 
Computer Services and Sup- 
pliers Association has available 
a directory of organisations 
providing specialist Millennium 


skills and products. To  ob- 
tain the directory contact: 
Nicki Blinkhorn at CSSA on 


0171 405 2171. Alternatively, 
the directory is available 
on the CSSAs WWW site 
at: http://www.cssa.co.uk/cssa/ 
new/Mmillen.htm. 
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KEELOQ CODE HOPPER 


Soldering On 


Vann Draper Electronics are introducing what they describe as ‘‘an 
extremely competitive range’’ of soldering stations. The range initially 
comprises three models, the SL20, SL30 and SL916, priced at £59, 


£69 and £349, respectively. 


The SL20 is an electronic temperature controlled soldering station 
with a plug-in 24V 48W soldering pencil. Temperature is fully adjus- 
table between 150°C to 420°C with a 12-l.e.d. bargraph indication for 


actual temperature and heat-on mode. 


The SL30 provide similar facilities to the SL20 except with a higher 
temperature range of 160°C to 480°C and a digital readout of both the 


preset and actual temperature. 


The SL916 is a combined soldering and desoldering station with 
independent temperature control of both the soldering iron and desol- 
dering gun allowing simultaneous use of both. 

Whilst the SL916 is probably best suited to professional electronics 
users, the SL20 and SL30 should be considered as possible additions 


to the workshop of any serious electronics hobbyist. 

For more information, contact Vann Draper Electronics Ltd., Dept. 
EPE, Unit 5, Premier Works, Canal Street, South Wigston, Leics LEI8 
2PL. Tel: 0116 277 1400. 





Catalogues Abound 


We have received the latest 
catalogues from Alpha, Mauritron 
and Rapid all of which are worth 
adding to your library. 

Alpha Electronics (Southern) 
Ltd. have a good range of electrical 
and electronics test and measuring 
equipment. They are members of 
the PIDA (Professional Instrument 
Distributors Association) and are 
based at Dept EPE, Unit 16, Wren 
Industrial Estate, Coldred Road, 
Parkwood, Kent, MEI5 9XN. Tel: 
01622 690187. 

Mauritron Technical Services, 
as we are sure you are well aware, 
have an enormous range of serv- 
ice manuals and technical books 
available for most equipment, of 
any make, age or model, most of 
which are also available on CD- 
ROM. Mauritron are at 8 Cherry 
Tree Road, Chinnor, Oxon OX9 
4QY. Tel: 01844 351694. 

Rapid Electronics’ 400+ page 
catalogue offers an enormous 
range of electronic products, right 


across the spectrum, including 
passives, actives, electro-mechani- 
cals etc. It is another major 
catalogue which ought to be on 
your shelves. There is a £3 charge 
for it, but it’s well worth it. Write 
to Rapid at Dept EPE, Heckworth 
Close, Severalls Industrial Estate, 
Colchester, Essex CO4 4TB. Tel: 
01206 751166. 

A fourth catalogue received is 
from a company whose products 
were previously unknown to us — 
Hogg Laboratory Supplies. It does 
not have a lot directly to do with 
hobbyist electronics, but 1s none- 
the-less likely to be of interest to 
all you broadly-inventive — ex- 
perimenters. Amongst the subjects 
covered are general laboratory 
apparatus, chemicals, microscopes, 
anatomical models, biology, en- 
vironmental science etc. For more 
information, write to Hogg 
Laboratory Supplies Ltd., Dept 
EPE, Sloane Street, Birmingham 
Bl 3BW. Tel: 0121 233 1972. 





Microchip has added a further product to its family of KEELOQ code hopping 
devices. Keelog devices provide rock-solid security in remote keyless-entry sys- 
tems using rf., infrared or microwave transmissions. 

The new HCS200 operates over a voltage range of 3:5V to 13V and has three 
button inputs providing up to seven functions. Using a complex non-linear algo- 
rithm that combines a programmable 28-bit serial number with a 64-bit encryp- 
tion key, the device generates a 32-bit hopping code that changes with each 
successive transmission and eliminates the possibility of unauthorised access. 

Simultaneously announced is the Silicon Solutions for Security guide which 
provides technical solutions for a range of security applications, including remote 
keyless entry, alarm and access control, smart cards and personal communica- 
tions products. The guide offers designers a valuable head start that can sig- 
nificantly reduce development time and cost. 

For more information, contact Arizona Microchip Technology Ltd., Dept. EPE, 
Unit 6, The Courtyard, Meadowbank, Furlong Road, Bourne End, Bucks SL8 5A). 
Tel: 01628 851077. 








8-PIN PICS 


More news from Microchip 
highlights their introduction 
of the world’s first 8-pin 
microcontrollers. 

The new PIC12Cxxx 
4-bit one-time-programmable 
(OTP) microcontrollers pack 
Microchip’s powerful RISC- 
based PIC16/17 architecture 
into an 8-pin package. As well 
as Offering mathematical and 
Boolean performance not 
available on most  4-bit 
microcontrollers, the low pin 
count of the new OTP family 
makes it extremely cost- 
effective and flexible. 

The first two family 
members, the PIC12C508 
and PIC12C509, feature 512 
words of program memory 
with 25 bytes of user RAM, 
and 1024 words of program 
memory with 41 bytes of user 
RAM, respectively. 

Both devices provide six |/O 
with on-chip oscillator, 33 
single-word instructions, _ full- 
speed ius instruction cycle at 
4MHz. There are seven special 
function hardware registers, 
2-level deep hardware stack, 
8-bit real-time clock/counter 
with 8-bit programmable pres- 
caler, watchdog timer, direct 
le.d. drive, low 2:-5V-5-5V 
operating voltage and less than 
2mA power consumption at 
5V/4MHz. 

In other words, these are 
astonishingly powerful _ little 
chips. It's a shame, though, 
that they are not also available 
in EEPROM versions allowing 
in-circuit development of con- 
trol software. 

For more information, con- 
tact Arizona Microchip Tech- 
nology Ltd., Dept EPE, Unit 6, 
The Courtyard, Meadowbank, 
Furlong Road, Bourne End, 
Bucks SL8 5AJ. Tel: 01628 
851077. 
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Design and Verify Circuits Faster 


Join over 40,000 customers using the affordable mixed-signal simulator 


Design faster with Electronics Workbench. 

Mix the analog and digital components and ICs 
in any combination. And with a click of the 
mouse, try ‘what if? scenarios and fine tune your 
designs. The built-in SPICE simulator gives you 
real-world waveforms. 


All without programming or netlist 
syntax errors. 


And in minutes. Not hours or days. 


You'll be up and running sooner. And create 
better designs faster with Electronics Workbench. 
We guarantee it! 


Robinson Marshall (Europe) Plc 


Nadella Building, Progress Close, Leofric Business Park, Coventry CV3 2TF 
E-mail: sales@rme.co.uk. Fax: 44 (0) 1203 233210 
Shipping charges UK £6.99 All prices are plus VAT. 

All trade marks are the property of their respective owners. 

Electronics Workbench ia a trademark of Interactive Image Technologies Ltd., 
Toronto, Canada. 





Electronics Workbench: £199 


¢ Click & drag schematic capture 

e Mixed analog/digital SPICE simulator 

¢ Instant Bode plots and scrollable waveforms 

¢ 50 analog components with 350 models 

¢ 140 digital components and ICs in TTL and 
CMOS 

¢ Windows 95/NT/3.1,DOS and Macintosh versions 

¢ Free unlimited technical support 

¢ 30-day money-back guarantee 


Engineer’s Pack: &399 


¢ Electronics Workbench 

¢ 2,450 models 

¢ Import/Export SPICE netlists 
¢ Export to PCB packages 


To discover more about the affordable 
mixed-signal simulator, call us today at: 


44-(0)-1203-233216 





stra | 


~ Fax: 44-(0)-1203-233210 


Australia: 25193933 * Belguim: 23847309 « Brazil: 11453-5588 » Chile: 22360300 * Cyprus: 262-1068 » Czech Replubic: 424823454 « Denmark: 33250109 » Finland: 0297-5033 * France: 149089000 * Germany: 711627740 * Greece: 15249981 * Hungary:1-215-0082 «India: 115441343 
Indonesia: 21470-0815 + Israel: 3647-5613 « Italy: 11437-5549 * Japan: 33382-3136 * Malaysia: 3-74-2189 * Mexico: 5593-5260 * Netherlands: 18031-7666 * New Zealand: 9-267-1756 * Norway: 22-16-70-45 * Phililppines: 973-27.0118 * Portugal: 18146609 
Singapore: 777-2303 * Slovenia: 61317830 + South Africa: 33148309 * South Korea: 2-2:2223431 * Spain: 1383-8335 * Sri Lanka: 1.865970 * Sweden: 8740-5500 * Taiwan: 886-2-366-0080 + Thailand: 6623986952 * UAE: 4453505 * UK: 203233216 INTERACTIVE 


UK, E.E.C, Scandinavia, Eastern Europe, North & South America, 
Middle East, South Africa, New Zealand, Far East or Australia. 
Wherever you are, we have a module on the right frequency for you ! 


* Construct quality F.M remote controls, data links, wire-free alarms * 
* Range up to 200M with dipole, 5KM with RX Yagi * 
* Available on UK 418MHz to MPT1340. Export 433.92MHz, 403Hz. * 
* SILRX- Receiver includes, audio, digital data, carrier detect o/p * 
* RXM- as SILRX + signal strength RSSI, tamper and jamming det * 


* Kit Prices inclusive of VAT and Postage: * 
* TXM-418-A + SIL-418-A + Data/Application Sheets: Only £29.95 * 
* TXM-418-A + RXM-418-A + Data/Application Sheets: Only £34.95 
* Decoder Board for RXM or SIL c/w HT-12-D: Only £15.00 * 








Saeki 8-AIF Receiver 
NEW ! High Data Rate (-F) 20,000 bps, 3V Version: 


* Same o/p Power but twice as fast as the - A version, up to 20,000 bps 
* Drives directly from PIC port, reducing component count & size * 


* TXM-418-F + SILRX-418-F + Manual: Only £29.95 * 


TXM-418-A/F Transmitter RXM-418-A Receiver 


* Suitable for Home of industry, Over 10,000 Sold * 

* Hand Held Transmitter Permits Operation Anywhere * 

* > 100M range Meets BS6799 Class Il Specification * 

: 403MHz * 
UK Manufactured, Available on 418, 433 or z sotiaheai 


Complete Kit Comprising : Assembled and Tested F.M Pendant Transmitter and 
Alarm Receiver Board, Transmitter Battery and Instruction Manual: Only £49.95. 





PEN-403-A 


* UK, 173MHz to MPT1344 & MPT1328 Licence Exempt * 

* F.M Operation: With 3V 1mW and 5V 10mW Versions * 

* Range up to 1 or 3 Km line-of-site * 

VHF Starter Kits Inclusive of VAT and Carriage : 

1imW TXM-173-(1) + RXM-173 + Manual: Only £54.95 
10mW TXM-173-(10) + RXM-173 + Manual: Only £59.95 


Exclusive: The world leading BIM high speed transceiver is 
now available with a RS232 interface and integral 2-wire 
RS232 controller board. The BIM-RS232 automatically takes 


ULTRASONIC MOVEMENT DETECTOR 
Xtal controlled oscillator, 
detector circuits & edge 
mounted transducers on 
one PCB just 75x40mm. 
Detection range 4-7m. Adjustable 
sensitivity. LED indicator. Outputs to drive ex- 
ternal relay/circuits. 9V DC operation. 3049-KT. 


£14.95 
MINI CCTV CAMERA 
gees FEATURES 


*Compact & light camera 
PCB module. 54Wx38L 
x30mmH. 33 grams 
“Low power consumption 
12V DC, 150mA 
“Low light requirement 
0.1 Lux (IR LED on) 
*High quality, high 
resolution CCIR image. 
512x562 pixels 
“Video output 1Vp-p/75Q 
“Lens 3.6mm, F1.8 
*Field of view 74°H x 55V° 
“Maintenance free 
"Built-in electronically 
controlled auto- iris 
*Internal synchronisation 


















Latest high quality IR- 
sensitive monochrome 
camera module for Video 
Intercom CCTV. Surveil- 
lance etc. Simply plug 
into scart or video. Six 
on-board IR LED's. Less 
than half the size of a 
cigarette packet! 


ASSEMBLED UNIT: 
30A7-AS £89.95 















Full details of all X-FACTOR PUBLICATIONS can be 
found in our catalogue. N.B. Minimum order charge for 
reports and plans is £5.00 PLUS normal P.&P. 

SUPER-EAR LISTENING DEVICE Complete 
plans to build your own parabolic dish 
microphone. Listen to distant voices and sounds 
through open windows and even walls! Made 
from readily available parts. ROO2 £3.50 
TELEPHONE BUG PLANS Build you own 
micro-beetle telephone bug. Suitable for any 
phone. Transmits over 250 metres — more with 
good receiver. Made from easy to obtain, cheap 
components. R006 £3.00 


LOCKS - How they work and how to pick 
them. This fact filled report will teach you more 
about locks and the art of lock picking than many 
books we have seen at 4 times the price. Packed 
with information and illustrations. ROO8 £3.50 
RADIO & TV JOKER PLANS We show you 
how to build three different circuits for disrupting 
TV picture and sound plus FM radio! May upset 
your neighodours & the authorities!! DISCRETION 
REQUIRED. RO17 £3.50 

INFINITY TRANSMITTER PLANS Complete 
plans for building the famous Infinity Transmitter. 
Once installed on the target phone, device acts 
like a room bug. Just call the target phone & 
activate the unit to hear all room sounds. Great for 
home/office security! RO19 £3.50 

THE ETHER BOX CALL INTERCEPTOR 
PLANS Grabs telephone calls out of thin air! No 
need to wire-in a phone bug. Simply place this 
device near the phone lines to hear the 
conversations taking place! RO25 £3.00 





COMBINATION LOCK Versatile electronic lock 
comprising main circuit & separate 9 key touch-pad 
for remote opening of lock. 120VAC/10A relay 
supplied. 9-12V. 3029-KT. £9.95 

LIGHT ALARM Protect your valuables with this 
practical, clever little circuit. Alarm sounds if even 
the smallest amount of light falls on the circuit. Place 
in cash box etc. 3008-KT. £4.95 

THE SCREAMER! Painful alarm siren gives out a 
massive 110db of ear piercing noise. Box supplied 
has two 35mm _ piezo elements already built into 
their own resonant cavity. PCB fits inside box to give 
a neat, compact unit. Use as part of an alarm circuit 
ya for the fun of it!! 6-9V operation. 3015-KT 














High performance surveillance kits. Room 
transmitters supplied with sensitive electret 
microphones & battery holders/clips. All 
transmitters can be received on an ordinary VHF 
FM radio. 


MTX - Miniature 
3V Transmitter 
Easy to build & guaranteed to 
transmit 500 metres (over 1000m possible with 
higher voltage & better aerial). 3-9V operation. 
Only 45x18mm. 3007-KT. £4.95 


MRTX - Miniature 9V Room Transmitter 

Our best selling ‘bug’. Super sensitive, high power 
- 1000m range (Up to 2 miles with 18V supply & 
poll aad 9V operation. 45x19mm. 3018-KT. 





HPTX - High Power Room Transmitter 
High performance, 2 stage transmitter gives greater 
stability & high quality reception. 
1000m range with 9V battery. 
6-12V operation. On/ off 
switch. Size 70x15mm. 
'032-KT. £6.95 


VTX - Voice Activated Transmitter 
Powerful 2 stage voice activated transmiter. Only 
operates when sounds are detected. 1km range. 
Low standby current — conserves battery power. 
Adjustable sensitivity & turn-off delay. Only 
63x38mm. 3028-KT. £8.95 


TRI - Telephone Recording Interface 
Connect between phone line & cassette recorder. 
Automatic-ally switches on tape when phone is 
used. Records all conversations. Powered from line. 
48x32mm. 3033-KT. £6.50 


TRVS - Tape Recorder Vox Switch 
Very sensitive, voice activated switch - automati- 
cally turns on cassette recorder when sounds are 
detected. Adjustable sensitivity & turn-off delay. 
115x19mm inc. mic. 3013-KT. £7.50 


MTTX - Miniature Telephone Transmitter 
Attaches anywhere to phone line. Transmits only 
when phone is used! Uses phone 
line as aerial & power source. 
500m range. 45x15mm. 
16-KT. £5.50 


Two Station Intercom/Hard Wired Bug 
Each unit has its own speaker, microphone & 
amplifier (LM386). Turn into a hard wired bug by 
using 4 stand ribbon cable supplied to send power 
from the receiving unit to the remote ‘bug’ unit. 9V. 
3021-KT. £12.95 


Telephone Amplifier Kit 
Pick-up coil & sensitive amplifier let you hear con- 
versations without even holding the phone! Can be 
used for surveillance purposes. 3055- KT. £8.95 







care of tasks such as flow control permitting the construction 
of a simple but reliable radio modems capable of operation 
over ranges of up to 200M. EMC approvals of finished prod- 
ucts are simplified by the totally screened RF design and ESD 
protected RS232 port. Ideal for PC-PC networks and EPOS & é 
applications. Available on 418MHz and 433.92MHz. Prices 1+ ta 

£79.95 each. Combined 2M Interface & Power Cable £6.95 each. BIM-XXX-RS232 





* Offering > 10mW o/p into 50 Ohms * 
* Operates with Extisting Receivers * 

* 6-9V Operation, Range up to 1Km * 
* Intended for Export Markets * 

* Prices 1+£16.50, 100+ £8.25 * 





TXM-433-HP 





elical-173MHz.......... £4.90 |[SILRX-418-A... 
—_ £4.90 





M-418-A 0.25mW ....£12.50 
M-433-A 0.25mW ....£12.75 
M-418-F 0.25mW ....£.12.75 
M-433-F 0.25mW......€12.75 





XM-403-A 0.25mW. 


M-173-4689 1mW. 
M-173-4689 10mW...£24.50 | 1/4 Wave 418MHz 


LED SEQUENCE/RANDOM FLASHER. 5 ultra bright 
ted LED's flash in sequence or random. Ideal for model 
railways. On/off switch, COB PCB 15x8mm (spare 
provided). 3V powered. 3052-KT. £3.95 


LED DICE The classic electronic project that never loses 
it's popularity. Combines a great game with an easy intro- 
duction to electronics & simple circuit analysis. 7 LED‘s 
simulate a real dice face. The dice rolls, slows down, stops 
on a number at random. Uses a 555 timer & counter IC. 
Box included. 9V operation. 3003-KT. £8.95 


STAIRWAY TO HEAVEN GAME This game of skill 
tests your hand-eye co-ordination. If you press the switch 
each time the green part of the bi-polar LED lights you 
climb higher up the stairway - but miss & you start again! 
Introduces you to several basic electronic circuits. Box 
provided. 9V operation. 78x50x19mm. Rolfe Harris NOT 
included! 3005-KT. £8.95 


DC MOTOR SPEED CONTROLLER Contro/ the 
speed of any common DC motor rated up to 100V (5A). 
Operates on 5-15V. Uses NE556 IC to pulse-width 
modulate a TIP122 high current, switching power transis- 
tor. In this way torque of the motor is not lowered. Box 
mounted. 3067-KT. £19.95 

SWITCHING POWER SUPPLY Replace expensive 9V 
batteries with cost-efficient 1.5V cells. IC based circuit 
acts as a step-up switching power supply. Selectable 1.5 
or 3V DC inputs. Gives a fixed output of 9V @ 18mA 
from a 1.5V “AA” cell. Solder pads for input/output. 1 
cell & 2 cell “AA” holders & jumper switches supplied. 
40x15x12mm. 3035-KT. £4.95 

SINGLE CHIP AM RADIO Complete mini sized AM 
radio on a PCB. Tuned Radio Frequency front-end, 
AM Radio IC & 2 stages of audio amplification. All 
components supplied inc. prewound coil & speaker. 
32x102mm. 3063-KT. £9.95 





























3 DIGIT LED COUNTER 2 board basic event 
counter. Main board has 3 digit counter circuit. 2nd 
board has Count & Reset switches & debounce 
circuit. Cascaded with other boards to provide more 
digits. Box & battery holder provided. 9V battery. 
78x50x25mm. 3001-KT. £14.95 

OP-AMP FUNCTION GENERATOR Quad Op- 
Amp connected as oscillator & wave shapers to 
generate audio range wave-forms. Oscillator gener- 
ates Square Wave from 6Hz to 6KHz. Other amps 
produce Triangle & pseudo Sine outputs. Solder 
ry | aa 9V powered. 47x40x22mm. 3023-KT. 
LOGIC PROBE Original, modern design tests both 
CMOS & TTL circuits as well as detecting fast 
pulses. Gives visual & audio indication of logic 
states found. Powered from circuit under test. It's 
operation is fully explained. 3024-KT. £7.95 


ROULETTE LED A great introduction to 
gambling..... err electronics! Watch the ‘ball’ spin 
round the roulette wheel, slow down & drop into 
slot. Uses 10 LED’s, CMOS decade counter & 
Op-Amp to teach Voltage Controlled Oscillator 
(VCO) principles. 9V powered. Educational & fun!! 
3006-KT. £710.95 


PELTIER JUNCTION HEAT PUMP Boil or freeze 
water instantly! Use for regulated cooling of tem- 
perature sensitive Components and much more. 
3066-KT. £21.95 

9V XENON TUBE FLASHER This powerful high 
voltage xenon flasher runs off a simple 9V battery. A 
transformer is used to step up the 9V supply voltage 
to the high voltage required to flash the 25mm long 
tube. Flash rate adjustable between 0.25 to 2 second 
intervals. 3022-KT. £11.95 


M-184-4689 10mW...£29.95 


*Prices unless otherwise stated ex- eles 
clude VAT. Carriage free on all non- 
account mainiand UK orders. 





Credit Card Payments Wel- 
come. 2/4 day delivery by 
DHL Service Available. All 


LM383 AMPLIFIER MODULE Proven, popular 
building block for use in any audio project where 
general amplification required. Power output de- 
pendent on supply voltage & load resistance. Typi- 
cal pont: Over 10W for 16V supply & 2W speaker; 
1W for 9V supply & 8W speaker. 3047-KT. £9.95 












TRAIN SOUNDS 4 selectable sounds - Whistle 
Blowing, Level Crossing Bell, Chugging & 
“Clickety-Clack’’. 2.5-6V. Supplied 
with all components inc. speaker, 

16 x 29mm COB PCB, switches & 

2x “AA’ battery holders. SG1. £4.95 








Insurance available at additional cost. prices in Pounds Sterling 


plus AUDIO e EDUCATIONAL e LASER e SECURITY e TEST GEAR e BOOKS & more 


Our high quality project kits are supplied with all components, fibre glass PCB's & comprehensive instruc- 
tions. FREE CATALOGUE with order or send 2 x 1st Class stamps (refundable) for details of over 100 
kits & publications. Mail order only. Please ADD £2.00 P. & P. (Europe £3, Rest of Word £5) & make 
cheques/PO's payable to Quasar Electronics. Goods normally despatch within 5 working days. Please 
allow 28 days for delivery. Prices include VAT at 17:5%. For safety send cash by recorded delivery. 


SS SS SS SS A A SP SENSES 
Quasar Electronics Unit 14 Sunnningdale BISHOP’S STORTFORD Herts CM23 2PA 


E-mail: 101364.3510 @compuserve.com 
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Our monthly *‘Surgeon’’ gives some sound advice on handling lead-acid 
batteries, helps out with a boat owner’s electrical woes, offers more on the 
chemistry of NiCad charging, and warns about over-hot batteries. 


feel a ‘“‘battery special’? coming up this 

month, so let’s dip our toes into the 
briny with a question from Mr. Oliver 
Lazarus of Oxford, who asks: 

Help! I'm moving into a boat where all 
electricity will be supplied by two 12V 
lorry batteries, powered by a petrol gener- 
ator, with the help of a wind generator, 
too. My experiences so far of using 12V 
appliances on these batteries have been 
both smelly and expensive! 

Could you give me some tips and advice 
so that I can safely live a life afloat, in one 
piece? Also, how do I connect lower volt- 
age units to a 12V battery? With a trans- 
former for instance? Thanks! 

Connecting to a 12V lorry lead-acid 
battery poses many hazards. Obviously 
there is the immediate risk of acciden- 
tally reverse-connecting the load, this may 
damage an unprotected unit beyond repair 
(as I think you found out with your stereo). 

There is massive capacity within a 12V 
car or lorry lead-acid battery to provide 
enormous currents (many hundreds of 
amps, instantaneously) and it is potentially 
quite easy to burn out any wiring, causing 
an electrical fire if the battery was wrongly 
connected. How well the appliance would 
withstand a reverse supply, depends on 
what protection it includes, if any. In-line 
fuse protection is a good idea, and the fuse 
should be connected as close as possible to 
the battery’s +12V terminal so that the 
full length of wire is protected. 


Explosive 

Lead acid batteries (if not of the **sealed 
gel’’ type) may emit hydrogen gas which 
will become explosive when mixed with 
air. If you cause a spark near the battery’s 
cells, then in extreme circumstances a bat- 
tery explosion could result, causing serious 
personal injuries. (Have I put you off set- 
ting sail, yet? Sorry.) 

Sparks may be caused by twiddling with 
the battery terminal connections when a 
load is already connected to the battery. It 
is safest to switch off all (heavy) loads, 
cover the battery with a damp cloth, and 
ensure good ventilation, when adjusting it 
for any reason. 

Burns may also be caused by wearing a 
metal watch strap, for example, or using a 
spanner or screwdriver blade carelessly. 
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BRIDGE RECTIFIER 
ACCEPTS INPUT OF 
EITHER POLARITY 


MUST BE 
CORRECTLY 
POLARISED 


D1 - D4 RATING TO SUIT 


Fig. 1. Reverse polarity protection. 


This may accidentally cause a short circuit 
through the metal, causing serious wrist 
burns as 200-300 amperes flow merrily 
through. 

A rectifier, if added inside the appliance, 
will guarantee that no current will flow if 
the supply is connected the wrong way 
round, see Fig. la. The rectifier should 
have a ‘“‘forward current rating’’ (symbol, 
I~) to enable it to cope with the current 
which will be drawn under normal opera- 
tion. You will lose about 0-7V across the 
rectifier but this shouldn’t matter. 

You could also consider a _ resettable 
thermal trip which acts like a fuse, but 


PLUS HEATSINK 
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(E.G. BOLT TO METAL BOX) 


pressing a button resets it again. Maybe 
use one thermal trip a few inches away 
from your battery +12¥V terminal. 

It’s possible to add a simple ‘‘bridge 
rectifier’’ — maybe inside the appliance — 
which will guarantee that whichever way 
you connect the battery, it will work cor- 
rectly. It’s a neat idea but you will then 
lose about 1-4V, which I don’t think would 
be a problem with, say, a stereo or other 
appliance. Fig. 1b shows how. 

To ‘‘step down’’ from 12V d.c. to, say 
6V or 7:5V d.c. you can’t actually use a 
transformer since these work with pulses 
or a.c. only. The easiest way is to use a 
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Fig. 2. Mini power source from 12V batteries. 
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regulator chip, see Fig. 2 which shows a 
unit capable of offering different voltages 
to operate low voltage appliances from a 
12V battery. Regulators including the 
LM317 type are current-limiting, short cir- 
cuit proof, over-heat proof though they are 
still not indestructible. This circuit will 
provide up to 1-5A. IC1 should be heat- 
sinked, perhaps by bolting it with an in- 
sulating kit, to a metal box. 


Battery Monitor 

I’ve sketched an |.e.d. voltmeter (Fig. 3) 
which may help you to keep an eye on 
your 12V battery. This uses an LM3914 
bargraph display, IC1; adapted to measure 
its own supply, so you simply wire it 
directly across the 12V supply voltage 
(right way round — watch pins 2 and 3 
carefully!). Ten light-emitting diodes D1 
to D10 will indicate the applied battery 
voltage, ranging from 1-5V to I5V. 

The i.c. contains ten internal com- 
parators connected totem-pole-like, each 
sinking current through a light-emitting 
diode. They compare an internal reference 
voltage against the chip’s input voltage, at 
pin 5. I’ve set the i.c. reference voltage 
with resistors R3 and R4 to just under 5V. 
This means that one L.e.d. will light for 
every 500mV (5V _ reference/10 stages) 
increase in the signal. 

To enable this to be used to read a 12V 
battery (the chip’s own supply rail, in this 
case), resistors RI and R2 are included 
as a divider: an input of roughly +15V 
will cause D1 to light. When the volt- 
age gradually falls, le.d.s D2-D10 will 
progressively illuminate. The circuit is set 
as a “‘moving dot’’ display. Connect pin 9 
to the positive rail for a bargraph display 
(not recommended because of the current 
consumption). 

Since the ten outputs are effectively 
constant-current sinks, the l.e.d.s. will 
glow at a level independent of the changes 
in the supply rail: they won’t dim when the 
rail drops. However, the first two or three 
display l.e.d.s. (D8-D10) are superfluous 
in this application, because the LM3914 
won't operate correctly below a rail of 
about +5V; I showed them only in case 
you want to adapt the design for other 
applications, otherwise you can omit them. 
Anything much less than 10V_ or so 
indicates you’ve a real problem with your 
battery! 


Dial Light 

Another feature I’ve added is a ‘*Dial 
Light’? switch. When SI is closed, each 
l.e.d. is grounded through a high value 
resistor, and will glow faintly. One l.e.d. 
will glow much more brightly when it’s 
displaying the voltage level. The value 
of resistor depends on the lI.e.d. you use 
— up to 33k or so for high-brightness 
types is fine. Light-emitting diodes are 
easily discerned in murky locations but are 
best mounted out of direct sunlight. Dif- 
ferent colours may be used for an at-a- 
glance check, too. Maybe caravanners and 
campers will find the circuit of use, as 
well. I gave more LM3914 hints and tips 
in December 1995’s Circuit Surgery. The 
Power Check project in this issue might 
also be of interest to you. 

In general, almost everybody takes a 
lead-acid battery for granted but they make 
extremely dangerous foes if treated incor- 
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Fig. 3. Car/boat battery voltmeter 


rectly or casually. I have seen the results 
of a battery explosion and the consequent 
burns caused to an acquaintance, so I 
would urge that they are treated with the 
utmost respect. The -present range of 
sealed-gel batteries (e.g., as made by 
Yuasa) are expensive, and can’t match the 
capacity of a car/lorry battery, but use a far 
safer technology in every respect. Thanks 
for the question and bon voyage! 


The Great NiCad Debate 


This morning, whilst preening myself in 
front of the mirror and wondering what to 
write about next, my rechargeable electric 
shaver went ‘‘flat’’. Probably the most 
topical subject of any, because everyone 
from RC modellers to mobile phone 
Owners use them, the care and use of 
Nickel-Cadmium cells and batteries (mul- 
tiple cells) continues to arouse debate! 

Readers might recall earlier Circuit Sur- 
gery columns which dealt with the sup- 
posed *“‘memory effect’’, more correctly 
called voltage depression. To the man in 
the street, it’s when his NiCads go flat 
more quickly than they used to. 

Voltage depression is caused by larger 
cadmium crystals forming on the cadmium 
electrode inside the cell when re-charging. 
This increases the internal resistance of 
the NiCad and creates an unwanted volt- 
age drop. We’d prefer to see a smaller 
crystalline structure with smaller bound- 
aries which lowers the internal electri- 
cal resistance. Larger cadmium crystals 
become progressively harder to re-form 
during recharging, so the problem esca- 
lates. 

Although NiCads have a definite life- 
span anyway, voltage depression is caused 
solely by a poor charge/discharge regime 
on the part of the user, and has been 
manna for mobile phone salesmen selling 
spare batteries. 

Behaviour likely to spell doom to 
NiCads include: light or partial cycling, 
because the cadmium deep within the 
cadmium plate never fully forms into 


cadmium hydroxide during discharge. 
Recharging is supposed to convert it back 
again, into cadmium, but partial cycling 
leads to an underlying growth of those 
unwanted large cadmium crystals. The 
more you do it, the worse it gets. 

Deliberate and excessive _ trickle 
charging/overcharging is bad news which 
also means “‘‘large crystals’’. Have you 
ever noticed how, the more you try to 
charge something — you leave it on 
overnight, then all day too, then for several 
days, and you sti/l get less charge? Your 
cells have got *“‘voltage depression’’. 

High temperatures also spell death as 
this promotes the growth of larger cad- 
mium crystals inside. Overcharging can 
lead to high temperatures too. Actually, 
temperature is probably the most over- 
looked factor, and very possibly the most 
critical one! If your cells become at all hot, 
you’ve overcharged them. 

‘‘Deep discharging’’ is questionable. It 
may help to convert some ‘‘deep’’ cad- 
mium crystals, which may have grown 
through partial or light cycling, into cad- 
mium hydroxide. Many say it does nothing 
beneficial at all. | 

Deliberate deep-discharging to OV is 
futile and a complete waste of time, or so 
the current thinking says. Forget what the 
mobile phone salesman said about dis- 
charging your NiCad battery to ‘‘zero’’. 

Other views say that it’s good to dis- 
charge cells heavily once in a while but 
not fully down to OV. Most seem to agree 
though, that you should never do this to a 
battery (containing several cells), because 
you run the risk of reverse-charging some 
of the cells. 


Recover those NiCads 

Poor performance may however be 
reversible. The aim of re-conditioning a 
‘forgetful’? NiCad is to destroy those 
large cadmium crystals and replace them 
with small ‘‘microcrystals’’ instead. If you 
treat them more sympathetically again, 
they will quite often recover. 
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Vary the charge/discharge cycles. 
Charge for no more than 15 hours or 
whatever the manufacturer recommends, 
to avoid overcharging. When you can 
measure it, commence recharging when 
the cell has fallen to absolutely no less 
than 0:5V per ce//. A constant-current load 
may help, but it has to be used in a 
controlled manner. 

Most importantly, do not overcharge 
them for long periods. Smaller discharge 
phases, with ‘‘proper’’ recharging in be- 
tween, will contribute to a healthy life. In 
trying to recover a cell, the bottom line is — 
just start to use them properly again, more 
often. 

According to the latest thinking, al- 
though the value of 1-0V is often quoted as 
the critical cut-off voltage, below which a 
NiCad should not fall, this figure is less 
‘*gospel’’ than we previously thought. I 
think the best current advice is not to 
discharge them to zero ever, (definitely 
not, in the case of a multiple-cell battery) 
but consider a value of about 0:5V to 0-6V 
per cell the minimum terminal voltage. 

The problem is that during discharge, 
the cell’s quite steady discharge curve 
suddenly plummets as its terminal voltage 
aims like a bomb towards OV (see Circuit 
Surgery, February 1996, page 145). So if 
you do find yourself with a cell reading 


about 0-5V or so, it is unwise to continue 
with its use and you should commence 
re-charging. 

I am afraid that NiCad battery owners 
have more of a problem, because cells 
need to be ‘‘re-conditioned’’ individually 
and unless you can access the 1-25V cells 
themselves, any battery overcharging or 
excessive discharging may cause an in- 
dividual cell to reverse, and you may not 
be able to recover the battery. 

The information was variously supplied 
by engineers at NASA, Hewlett Packard, 
Varta, and Steve Walz in Silicon Val- 
ley, and appeared in the sci.electronics 
newsgroups. See our Net Work column for 
more pointers to Internet sites relevant to 
electronics enthusiasts. 


Hot Battery 


From Jon Jacobs, by E-mail came the 
following query related to alkaline batteries. 

Do you know of any home-brew method 
of attaching those nasty tabs to alkaline 
batteries? Can it be done with a MIG 
welder for example, or simpler? Thanks 
for any help. 

I’ve never actually seen alkaline cells 
with tags fitted to the terminals, though it’s 


not unusual to see Nickel-Cadmium cells — 


with tags. MIG welding, or any other form 
of welding, is a definite no-no, I’m afraid. 


The intense temperatures reached in 
such a short time will cause great damage 
and it would be dangerous to attempt this. 
The battery terminals are, I think, nickel 
plated, and on NiCads at least, they seem 
to be spot-welded during production. 

I’m afraid I can’t see any way you could 
attach the tabs except by maybe solder- 
ing both surfaces and gingerly trying to 
‘“sweat’’ them together with a soldering 
iron. Have plenty of freezer aerosol handy! 
But I’m not even sure whether ordinary 
lead/tin solder will ‘“‘take’’ to the sur- 
face. I do however know that you can 
solder wires to some batteries (such as 
coin cells). Maybe try soldering wires di- 
rectly to the battery. You must take ex- 
treme care not to apply excessive heat, 
though. Any ideas, anyone? 


Surgery Calls 
If you have any questions to ask, or 
comments to make, please write to Alan 


Winstanley, Circuit Surgery, Wim- 
borne Publishing Ltd., Allen House, 
East Borough, Wimborne, Dorset, 


BH21 1PF, United Kingdom. E-mail 
alan@epemag.demon.co.uk 

We cannot guarantee an individual reply 
nor undertake to answer questions on 
commercial equipment but we try to help 
whenever possible. See you next month. 





with David Barrington 





Analogue Delay/Flanger 

Looking for parts for the “bucket 
brigade’””’ Analogue Delay/Flanger project 
proved to be a fairly straightforward 
exercise and most items are commonly 
stocked by component advertisers. The 
exceptions to this are, of course, the low 
voltage delay line and clock generator/ 
driver i.c.s. which may not be carried by 
your local supplier. 

Some analogue delay chips have an 
in-built clock function, but the MN3207 
delay has a partner i.c. (MN3102) which 
provides the necessary clock signal and 
gate voltage. Both these i.c.s are cur- 
rently stocked by Maplin, codes UR67X 
(MN3207 delay) and UR68Y (MN3102 
clock/driver). 

The choice of case is left to individual 
choice, but it should be a metal type to 
give some “screening” to the circuit and 
help cut down on any possible noise pick- 
up. Also, it is good practice with any 
audio circuits to use screened leads for 
wiring the input and output sockets to the 
p.c.b. 

The Delay/Flanger printed circuit board 
is available from the EPE PCB Service, 
code 111. 


Simple Exposure Timer 

One or two points need to be repeated 
concerning the construction of the Simple 
Exposure Timer. The most important 
being: Be aware that when testing the 
unit potentially lethal mains voltages are 
present and extreme care must be taken 
during this operation. 

The wattage and voltage rating indi- 
cated in the “comp. list’’ for certain com- 
ponents are minimum ratings and must 
be as specified or greater. The 2W metal 
film resistor should be stocked by most 
component advertisers. 


~ However, the “continuous” mains rated 
Capacitor and transient suppressor may 
be a little difficult to find. If problems do 
arise, the ones in the model came from 
Maplin, codes JR36P (IS Cap) capacitor 
and HW13P (Supp 250L) suppressor. 

When purchasing the transistor check 
the pinout connections as the various 
versions of BC184’s have differing pin 
line-ups. One with the suffix L was used 
here. The printed circuit board is available 
from the EPE PCB Service, code 113 (see 
page 731). 


PIC-Tock Pendulum Clock ° 

A few problems could arise when 
searching for components for the PIC- 
Tock Pendulum Clock. 

The Sharp spectrally matched infra-red 
emitter diode type GL380 and special 
detector phototransistor type PT380 are 
specific to this design and, as far as 
we are aware, no alternatives are avail- 
able. These are RS devices and can be 
purchased through Electromail (07356 
20455), their mail order operation, or any 
bona-fide RS stockists. Quote codes 195- 
489 (GL380) and 195-502 (PT380). 

Supplies of the PIC16C84 EEPROM 
microcontroller are now plentiful and no 
problems should be encountered in ob- 
taining this device. The same applies to 
the crystal. 

The PIC microcontroller needs to be 
programmed and the Simple PIC16C84 
Programmer, described in our Feb ‘96 
issue, together with a PC-compatible com- 
puter is ideal for the job. (Regrettably, the 
Feb ‘96 issue, is ‘‘sold-out’’ and we can 
only supply photostats of the article — see 
page 722. . 

A software source (ASM) and object file 
(.OBJ) for P/C-Tock is available on a 3-5in 
disk from the EPE Editorial Offices for the 
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sum of £2:50 (Overseas — surface mail 
£3-10; airmail £4-10). It can also be down- 
loaded from our Internet ftp site address: 
//ftp.epemag.wimborne.co.uk 

The small printed circuit board, which 
also needs cutting to provide the diode 
emitter p.c.b., is available from the EPE 
PCB Service, code 109. Probably your 
best source for the required “hardware” 
will be your local ‘plumbing’ depot. 


Draught Detector 

Not too many problems were encoun- 
tered when tracking down components 
for the Draught Detector project. The 
positive temperature coefficient thermis- 
tors came from Electromail (07536 
204555), order code 158-272 (disc ther- 
mistor 80°C). 

The potentiometer installed in the 
prototype model is a wirewound type 
usually used as a “loudspeaker volume 
control.” This came from Maplin, code 
FX40T. The small buzzer also came from 
the same source, code KU58N. 

The printed circuit board is available 
from the EPE PCB Service, code 112. 


Power Check 

It is most important that constructors 
stick to the 3W or greater wirewound 
power resistors specified in the Power 
Check project. It is also important that 
they be mounted separately, on a small 
tagboard, to the main p.c.b. 

Quite a number of component adver- 
tisers still stock tagboards and tag-strips, 
but make sure you mount it well clear of 
the base of the case. Due to resistor heat- 
ing, when high currents flow, a metal box 
should be used to house the circuit. 

You must use 10A minimum rating 
wiring where indicated in the article. 

Tri-colour 5mm _ 4il.e.d.s are widely 
stocked and should be easily obtainable. 
Low-voltage 3V to 24V, p.c.b. mounting, 
buzzers should also be readily available. 
Try Maplin, code KU58N. 

The printed circuit board is obtainable 
from the EPE PCB Service, code 110. 
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Constructional Project 


SIMPLE 
EXPOSURE 





TIMER 


ANDY FLIND 





Make light work of timing the 
precision exposures for p.c.b. 
making or darkroom printing. 


FREQUENT workshop task for the 
Ae is the making of small 

printed circuit boards. The usual 
procedure for this is to prepare the 
artwork, have it copied onto transparent 
acetate and then expose through this onto 
photo-sensitive coated board using an 
ultraviolet light box. Developing and 
etching in the usual manner then produces 
a finished board ready for drilling and 
assembly. | 

Since the light box was not fitted with a 
timer, it was decided to construct one as 
their use is far more convenient than stand- 
ing over the process with a stopwatch, and 
produces more consistent results. 

It should be pointed out that the 
presence of live mains in this circuit renders 
it potentially hazardous. Consequently, it 
should only be built by constructors with 
sufficient experience to recognise and avoid 
the dangers. However, practically all of it 
can be tested using a safe, low voltage d.c. 
power supply. 


TIMING RANGE 


Commercial light box timers usually 
have a range extending to at least twelve 
minutes. It seemed sensible to provide the 
home-produced one with something simi- 
lar, yet the optimum exposure in most cases 
appears to be about two and a half 
minutes. Because of this, it was decided to 
provide an “expanded” control, with the 
first couple of minutes spread over half 
the scale for fine adjustment, with the 
remainder progressively compressed. 

Whilst the design was in progress, the 
author’s daughter acquired a photographic 
enlarger, and it soon became apparent that 
a small modification would result in a timer 
suitable for controlling this as well. 

The usual exposure used in photographic 
printing is less than a minute, although 
some enlarger timers extend beyond two 
minutes. With the expanded control, it is 
possible to provide a two-minute scale with 
finer control over the first minute. In fact, 
the timer shown in the photographs is the 
“photographic” version, as the UV timer 
has been built into the light box. 
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TIMING 
ACCURACY 


Although timer circuits using electrolytic 
capacitors for long periods are not uncom- 
mon, this is not always the best approach 
because of the wide tolerance in the values 
of these components. This makes it difficult 
to design a reliable and “‘repeatable”’ cir- 
cuit. Additionally, the leakage currents as- 
sociated with electrolytics may also affect 
timing performance if they are used with 
high-value resistors. 

Where a period in excess of a minute is 
required, it is much better to use an oscil- 
lator with a relatively short period and then 
to count a set number of these periods 
using a divider circuit. This was the method 





















SCALING UP 


Expanding a portion of the control scale 
presented an interesting design challenge. 
A linear potentiometer produces a linear 
variation of period in many oscillator 
circuits, but substitution of a logarithmic 
pot produces too much expansion for this 
design. 

An interesting point about log pots is 
that the “‘law’’, if measured and plotted as 
a graph, is not usually the smooth curve 
that might be expected. In fact, it of- 
ten consists of just two straight-line sec- 
tions with a sharp connecting “knee”, 
presumably reflecting the fact that most 
manufacturers make tracks from just two 
types of resistive compound! Other pot 
laws are available, but not often to home 
constructors. 

It is possible to construct an oscillator 
where the period is proportional to the 
reciprocal of the control position - in fact 
this would be a linear frequency con- 
trol - but again this provides excessive 
compression. 

Using a dual-ganged linear pot, though, 
with the wiper of the first connected to the 
top of the second, it is possible to produce a 
voltage with an approximate “‘square 

law” control function, which gives 
about the right degree of scale 

compression. 
The design aim, there- 
fore, was to produce an 
oscillator with a cycle 
period proportional 
to this voltage. 
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CIRCUIT DIAGRAM 


The complete circuit diagram for the 
Simple Exposure Timer is shown in Fig. 1. 

In this circuit, op.amp IC1b and timer 
IC2 form a voltage controlled oscillator 
circuit having its frequency varied by the 
dual-ganged potentiometer VR1. 

The power supply, about 12V, is divided 
by two and buffered by op.amp ICla. Be- 
tween them, VRla and VR1b then tap the 
output of ICla to produce the required 
control voltage. 

Resistor R3 effectively swamps any 
variations in VR1 value, preventing them 
from altering the lowest control voltage as 
set by R4 and RS. The values of these 
resistors are chosen to give a ratio between 
the highest and lowest voltages of 32:5:1, 
which sets the timing range from 0-4 to 13 
minutes, ensuring cover of the intended 
range of 0-5 to 12 minutes. 

The control voltage does not conform ex- 
actly to a square law because of the way in 
which VR1b loads VR1a, but it is fine for 
the purpose of this design. Resistor R7 and 
capacitor C2 remove any noise present on 
the control voltage. 


COMPARATIVE 
REFERENCE 


Op.amp IC1b is used as a comparator. 
Capacitor Cl charges in exponential 
fashion from VR2 and R6 until the voltage 
across it reaches the selected control 
voltage from VR1b. When it does so, the 
output of IC1b goes low, triggering timer 
IC2 which then delivers a 2:5ms pulse from 
output pin 3. This is used to discharge Cl 
via transistor TR1. The output from IC2 is 
therefore a series of pulses with the period 
between them controlled by the voltage 
from VRI. 

The frequency used is quite low, be- 
tween 1:5Hz and 35Hz. This means that 
the 2:5ms reset pulse forms only a small 
part of each cycle, yet is long enough to 
ensure complete discharge of Cl. VR2 
provides overall trimming adjustment for 
calibration. 

From IC2, the output pulses are applied 
through resistor R10 to the clock input of 
binary counter IC3. This counts the pulses 
until the selected output goes high, thus 
blocking the clock signal via diode D1. 

Pin 15 of IC3 is the 11th counter output, 
so 1024 clock pulses are counted before 
this goes high. Provision is made on the 
printed circuit board (p.c.b.) to select two 
other outputs, one from pin 12 for use as a 
two-minute timer and one from pin 4 for 
assisting with calibration. 


GATED OUTPUT 


The final output of the circuit is con- 
trolled by quad NOR gate IC4. The first 
two gates of this, IC4a and IC4b, are con- 
nected to form a set-reset flip-flop. When 
the circuit is first energised, a positive pulse 
from C5 via D2 to IC4a pin | causes IC4a 
output pin 3 to go low and IC4b output pin 
4 to go high, the “off” state. This ensures 
that the output is not immediately ener- 
gised when the unit is plugged in. 

The high output of IC4b pin 4 charges 
C4 through R13. When Start switch S1 is 
pressed, the charge on C4 positively pulses 
IC4b input pin 6, causing output pin 4 to 
go low and output pin 3 to go high, the 
“on”? state. At the same time, the pulse 
resets counter IC3 via its input pin 11. 

Capacitor C4 will not be recharged until 


the output returns to the “off” state, ensur- 
ing that if switch S1 is held down or Fig. 1. Complete circuit diagram for the Simple Exposure Timer. 
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accidentally pressed again before timing is 
complete, the output time will not be 
affected. Timing ceases when the link- 
selected output of IC3 goes high and resets 
IC4a through R14. 

Gates IC4c and IC4d are connected in 
parallel as inverting buffers for driving 
triac CSR1 through R18. A negative gate 
current is used since the triac is more 
sensitive to this than to positive. 


POWER SUPPLY 


Power for the main circuit is provided by 
a capacitive mains dropper circuit. In 
essence, the a.c. current through capacitor 
C7 is virtually constant at | 
about 35mA, set by the 
mains supply voltage and the 
reactance of C7. In the 
positive direction, this cur- 
rent flows through diode D4. 
In the negative direction, it is 
used to charge C6 via DS, 
although the voltage across 
this is limited to about 12V 
by Zener diode D3. 

Apart from the small 
amount of power drawn by 
the circuit, most of the 
current flowing through C7 is “reactive” 
and does not generate heat or add to the 
electricity meter reading! 

Varistor (voltage dependent resistor) 
VDRI protects triac CSR1 and capacitor 
C7 from high voltage spikes which some- 
times occur on the mains supply. 


CASING POINTS 


Before discussing p.c.b. assembly and 
testing, a few words about casing the unit 
are appropriate. 

Housing of the unit is up to the in- 
dividual constructor. The prototype was 
fitted into the UV light box itself, though 
with hindsight the author would recom- 
mend construction in a separate plastic 
case, using it with the light box as an 
accessory. In most instances, this would be 
much simpler. 

Although a mains power output socket 
was mounted in the case of the unit shown 
in the photographs, the use of a cable- 
mounted socket may be preferable to some 
readers. 

Many enlargers are constructed mostly 
of metal and likely to be used in the 
presence of water and chemicals. Conse- 
quently, it is important to ensure that 
the earth is properly connected through 
the unit. Also, the case used should at 
least be splash proof, even if not fully 
waterproof. 

Many of the plastic cases available to 
home constructors have a lipped lid fit- 
ting, which could easily be sealed with a 
drop of silicone sealant or similar. Fully 
waterproof cases are also available. 


CONSTRUCTION 


Details of the p.c.b. components and 
track layouts are shown in Fig. 2. The 
p.c.b. is available from the EPE PCB 
Service, code 113. 

The first step in construction is the choice 
of version required. If the twelve-minute 
one is required, the component values 
listed will be suitable. For a two-minute 
unit preset VR2 should be changed to 100k 
and resistor R6to 680k. 

Since EPE readers undoubtedly have 
better things to do than spend hours locat- 
ing the control calibration points of this 
unit, a method has been devised for rapid 
calibration with a DVM (digital voltmeter) 
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BYPASS 
SWITCH 


NEUTRAL 


SK1 
NEUTRAL 


LIVE 
SK1 
LIVE 


Fig. 2. Printed circuit board component layout and full size copper foil track master- 


detai/s. 


during construction. To do this, construc- 
tion should begin by fitting to the board 
only resistors R1 to R5, R7, plus capacitor 
C2 and op.amp IC1 (preferably with an i.c. 
socket). 


RANGE SCALING 


A temporary connection should then be 
made between pins 6 and 7 of ICI with a 
short length of wire arranged so that a 
meter can be connected between this and 
the negative supply rail. This temporarily 
configures IC1b as a buffer for the control 
voltage so that it can be measured by a 
meter without being loaded in any way. 

Potentiometer VR1 should be connected 
up as shown in the wiring diagram of 
Fig. 3, and fitted with a scale ready for 
calibration, perhaps in its final housing. 
The circuit should now be supplied with a 
voltage set as nearly to 12V d.c. as possible. 
Batteries can be used for this, although a 
bench power supply is preferable. 

Following a quick check that pin | of 
ICI is supplying 6V, connect a DVM be- 
tween the negative supply and the shorted 
pins 6 and 7 of ICl. Now the calibration 
points of VR1 can be marked using the 
appropriate columns from Table 1, for two 
or 12 minutes. The tables have been calcu- 
lated to allow for both the exponential na- 
ture of Cl’s charging and the 2-5ms reset 
pulses. In trials, this method of calibration 
has proved simple and accurate. 
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Timer Calibration Tables 


12 minute version 2 minute version 


Mins Volts Secs Volts 
0:4 0:227 4 0.214 
0:5 0:290 5 0.277 
0:75 0:446 7:5 0.433 
1 0:599 10 0.587 
1:25 0-751 12:5 0.739 
1:5 0-900 15 0.889 
2 1-193 20 1.182 
2:5 1:478 25 1.468 
3 1:756 30 1.747 
3°5 2:026 35 2.018 
4 2:289 40 2.282 
4:5 2:546 45 2.539 
5 2:795 50 2.789 
6 3:°275 60 3.269 
7 3:729 70 3.725 
8 4-160 80 4.157 
9 4-568 90 4.566 
10 4:956 100 4.954 
11 5-322 110 5.321 
12 5-670 120 5.670 
13 6-000 130 6.000 


One “end point” of VRI’s rotation 
should be marked so that if the knob is 
subsequently removed it can easily be 
refitted correctly. Following this proce- 
dure, the connection between pins 6 and 7 
of IC] should b ved. 














COMPONENTS 


Resistors See 
Rt, RZ, 
R7, R11, SOP 
R12 100k (5 off) TALK 


R3, RY 10k (2 off) 


R4 2k2 rage 

R5 3302 

R6 1M (680k for 2-min timer) 
R8,R10 22k (2 off) 

R13 470k 

R14 1M 

R15 1202 2W metal film 
R16,R17 220k (2 off) 

R18 1k2 


All 0-6W 1% metal film, except R15 


Potentiometers 
VR1 100k dual rotary, lin. carbon. 
VR2 220k sub-min. preset, 

vertical (100k for 2-min 

timer) 














Capacitors 
C1 1p polyester layer 









C2 100n resin dipped ceramic 
C3 100n polyester layer 

C4 1p radial elect., 100V 

CS 10u radial elect., 50V 

C6 470u radial elect., 35V 

C7 470n suppression type, 







250V a.c. working 










Semiconductors 
D1,D2 1N4148 signal diode (2 off) 
D3 BZX61C12V0 Zener diode, 

12V 1:3W 
D4,D5 1N4007 rectifier diode, 1A 
1000V (2 off) 










TR1 BC184L npn transistor 
CSR1 C206M triac, 4A 600V 
1C1 LM358 dual op.amp 

IC2 ICM7555 CMOS timer 
IC3 4040B 12-stage binary 






ripple counter 
IC4 4001B quad 2-input NOR 
gate 












Miscellaneous 

min. push-to-make switch 

VDR1 varistor (transient 
suppressor) for 250V a.c. 
operation 

Printed circuit board, available from 
the EPE PCB Service, code 113; 8-pin 
d.i.l. socket (2 off); 14-pin d.i.l. socket; 
16-pin d.i.l. socket; plastic case, 130mm 
x 68mm x 45mm (see text); pointer 
knob; 13A mains plug and socket to 
suit application; optional s.p.c.o. mains- 
rated toggle switch (see text); connect- 
ing wire; solder, etc. 


Approx cost £ q 8 
guidance only 














Excl. case and mains connector 


The rest of the components can now be 
fitted to the board with the exception of 
Zener diode D3 and triac CSRI. 

Note that resistor R15 is a 2-watt type. 
Its purpose is to limit the momentary surge 
that occurs if the unit is plugged in at the 
precise instant where the mains voltage is 
high, for which a reasonably rugged com- 
ponent is needed to withstand it. 


DIVISION FACTOR 


The division factor should be set with a 
link as shown in Fig. 4. For a two-minute 
timer this will be to [C3 pin 12 for a count 
of 256 pulses. For a twelve-minute timer, 
first temporarily connect the link to IC3 
pin 4 for 64 pulses. 

Having connected switch S1, the circuit 
can be powered again from the 12V supply, 


Hit Risssperers 


tegshi i Sgatt 


LINK 
POSITIONS 


@® 
© 
© 























Fig. 3. P.C.B. and off-board component wiring diagram. 


with a meter connected between negative 
and the junction of R18 and the combined 
output at IC4c and IC4d. The output 
should normally be high, going low for a 
time when S1 is pressed. 

For a two minute timer, VR1 can be set 
to one or two minutes and VR2 adjusted to 
give the correct output time. For a twelve 
minute unit, the temporary connection to 
IC3 pin 4 means that all scaled values are 
divided by sixteen, so the 12 minute set- 
ting will actually correspond to a period of 
45 seconds. This speeds the adjustment of 
VR2 considerably, after which the link can 
be fitted permanently to the “Pin 15” posi- 
tion for correct times. 


MAINS TESTING 


Following these adjustments, diode D3 
and triac CSRI can be fitted and the unit 
tested with a mains supply and a suitable 
load, such as a 100W lamp. At this point, of 
course, the unit becomes potentially dan- 
gerous to handle and appropriate precau- 
tions must be observed. 

For safety reasons, a suitably rated fuse, 
of 3A or lower, should be used in the plug 


PIN 4 
CALIBRATION 





Fig. 4. Division factor links. 
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associated with the unit. Power handling is 
limited to a couple of hundred watts by the 
fact that the triac is not provided with 
a heatsink, but one could easily be fitted 
if the application required it. For most 
UV light boxes and enlargers though, this 
power will be more than adequate. 

Where the timer is to be used with 
a photographic enlarger, bypass switch 
S2 will be required to allow adjustment 
and focusing of the enlarger. This can be 
connected across the triac as shown in 
vie 3. eae | —_ L 





Seconds... 


0» 2 Minutes. 





HARGE coupled devices (c.c.d.s) 

are being widely used in image 
sensing applications. They were 
originally invented in the early 1970s 
at Bell Labs, where the transistor was 
invented. Since’ their invention, 
development of c.c.d.s has been led by 
the Japanese. As a result, their cost has 
fallen dramatically. Coupled to this, 
reliability has risen and = power 
consumption fallen. 

Now c.c.d.s are widely used in image 
sensing applications. Naturally one of 
their main uses is for camcorders where 
the market has grown enormously in 
the last few years. There is also 
a wide variety of other uses for 
these devices where visual images are 
needed. Everything from the new PC 
vision conferencing to various forms of 
automatic inspection and other image 
sensing applications. 

C.C.D. arrays form an ideal method 
of capturing an image. Being highly 
integrated, they are very cost effec- 
tive and occupy comparatively little 
space. They often enable manufacturers 
to miniaturise their equipment, or to 
build in further features. 

Despite this success story there are 
still many areas for improvement. A 
number of ideas are being investigated 
which may enable far greater flexibility 
to be achieved. It may even be possible 
for a single chip to contain all the 
major electronic components for a tele- 
vision camera. 


As the name indicates, c.c.d.s depend 
upon the generation and transfer of 
charge for their operation. They include 
a capacitor as part of the basic cir- 
cuit. In most devices these days the 
capacitor is a buried channel MOS 
capacitor for each pixel integrated onto 
the chip. It is fabricated by growing an 
n-type region onto the p-type substrate. 
Other areas are also grown. The gate 
for the MOSFET is grown by first 
laying down a region of silicon dioxide 
and then placing some highly doped 
and conductive silicon on top. 

When light falls onto the capacitor, 
the photons cause electron/hole pairs 
to be generated. The electrons migrate 
towards the p-type substrate whilst the 
holes accumulate in the capacitor. 

With holes forming a charge in each 
of the capacitors proportional to the 
amount of light, it only remains for this 
to be transferred out. After exposure, 
the charge has to be transferred serially 
from one cell to the next in a form of 
shift register. 
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New Technology 





New developments in charge coupled device technology 
are likely to result in further miniatunsation of electronic 


cameras — lan Poole reports. 


Once the charge has been transferred 
from the light sensitive capacitors into 
the shift register, the capacitors are 
reset, ready for their next exposure. 

When the charge in the register 
reaches the exit point from the device it 
is converted to a voltage by an 
amplifier circuit. As the charges from 
the different cells reach the exit from 
the device the varying voltages 
represent the light levels across the 
device and the image is successively 
built up. 


The major problem with these charge 
coupled sensors is that the data has to 
be transferred to the end of each row 
before it can be passed out of the 
c.c.d. into any further processing elec- 
tronics. Then a considerable amount of 
electronic manipulation is required. In 
view of their widespread use in cam- 
corders, the cost of many c.c.d.s is 
around £10, whereas the cost of the 
associated processing circuitry may be 
around the £50 mark. 

This limitation could be overcome 
if each pixel could be accessed 
individually. The main problem in 
achieving this is the large number of 
connections which would be needed. 

However, if all the electronics for 
the camera was integrated onto the 
same chip, this problem would be over- 
come. Also, by placing all the elec- 
tronics fora camera onto one chip, 
costs could be reduced by considerable 
proportions. This approach is now be- 
coming a reality in view of the fact that 
connections of less than one micron 
can be made in a semiconductor chip. 


Accessing Pixels 


To achieve this, a number of new 
developments have been made allow- 
ing the charge of each pixel to be trans- 
ferred individually. As the image sen- 
sor or photogate element generates a 
charge, this has to be converted to a 
voltage before it is interfaced to any 
other circuitry. In one development this 
is achieved using a field effect transis- 
tor circuit for each pixel. Four transis- 
tors are used for each site, and they 
provide all the readout, selection and 
reset functions. 

A number of chips have been made 


using a 256 X 256 matrix. So far the. 


performance has lived up to expecta- 
tions giving sufficient light to voltage 
conversion. The only area where it can- 
not compete with c.c.d.s at the moment 
is in the resolution which has_ been 


achieved. However it is not anticipated 
that there will be any major problems 
in extending the level of integration 
and obtaining a larger matrix in the 
future as techniques are refined. 

At the moment only the analogue 
functions are integrated onto the chip. 
To enable the full range of functions to 
be performed further work is progress- 
ing to give an analogue to digital 
conversion and also functions like 
automatic exposure and an electronic 
shutter. 


Although the initial work to enable 
all these functions to be contained on 
the one chip will cost money, the 
rewards are likely to be very large. 
The obvious use for them is within 
camcorders and the market for these is 
expanding all the time. Here, placing 
all the functions on one chip will 
reduce costs as well as the size of the 
cameras. 

In addition to the camcorder market 
there are many other uses. With all 
the electronics on a single chip, the 
size of complete cameras will fall by 
significant amounts. This will allow 
cameras to be used in many monitor- 
ing applications where it might not 
have been possible before. They will 
be able to be used in a number of 
process monitoring applications, allow- 
ing visual inspection of different areas 
of a manufacturing process. 


They could also find uses in still 
cameras. Although electronic cameras 
are not widely used yet, their use offers 
many advantages in terms of flexibility. 
Pictures can be instantly viewed on an 
l.c.d. screen, down-loaded into com- 
puters and processed accordingly. Even 
for the home user this is likely to 
become more commonplace. 

Prints can also be made on the 
variety of printers which are widely 
available now. It would be _ possible 
to down-load the output of a camera 
intO. a computer and print out the 
results without the need for sending the 
film off or taking it to the local 
chemist. 

The single chip camera would help 
to reduce costs of the whole camera 
and bring them more into the reach of 
the public at large. All of these pos- 
sibilities mean that work being under- 
taken on these new camera i.c.s is 
likely to pay large dividends in the 
future. 
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Transform your 
PC into an 
Oscilloscope. 


Never before has it been so easy to f ene 
capture information about a signal. The isin 

ADC 200 simply plugs into the parallel 
port of your portable or desktop PC, no 
complicated setting up - just run the 
software and start measuring. With the 
advanced PicoScope Software, your 
computer can be used as a high speed - 
50 MSPS Dual channel Digital Storage 
Oscilloscope (DSO), 25MHz Spectrum 


Analyser, Frequency Meter or Voltmeter. 
New scope 
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Robert Penfold 


ANY readers will no doubt have 

noticed that a growing range of so 
called “virtual’”” measuring instruments 
based on PCs are coming onto the 
market. The basic idea of a_ virtual 
instrument is to replace a complex piece 
of measuring equipment using some 
relatively simple hardware plus a PC 
and suitable software. 

Most of the commercially produced 
units and software are quite com- 
plex. Typical systems on offer include 
twin beam storage oscilloscopes, logic 
analysers, and spectrum analysers, com- 
plete with on-screen controls that are 
operated via the mouse. 


Testing, Testing 

It is difficult for the do-it- 
yourself computer enthusiast to 
compete with this type of thing. 
The hardware part of the system 
is not necessarily that hard to 
tackle, but the software side of 
the system usually requires a 
great deal of development time 
and an expert programmer. 

This is not to say that it is 
impossible to undertake test gear 
projects based on a PC. There 
are certainly plenty of pos- 
sibilities for those who are 


willing to settle for relatively Fig. 


simple systems. 

The piece of test equipment 
featured here is a transistor tester that 
provides digital readout via the screen of 
the PC. It interfaces to the host PC’s 
printer port, and either port one or port 
two can be used. Both npn and pnp 
bipolar transistors can be tested, but the 
system is not usable with any form of 
field effect transistor (f.e.t.). 

Most transistor testers operate on 
the basis of feeding a fixed base current 
to the test device, and then measuring 
the collector current. This is convenient 


in that the collector current is propor- 
tional to the current gain of the test 
transistor. Consequently, there is no 
difficulty in having direct readout of 
current gain on an analogue or digital 
display. 

A drawback of this method is that the 
current gain is not measured at a specific 
collector current. The lower the gain of 
the component under test, the lower its 
collector current. 

Current gain of transistors varies 
significantly with changes in collec- 
tor current, and in general a lower 
operating current gives reduced gain. 


Constant (yy Test 
: Device 


Current 
Generator 


Constant 
Current 
Generator 


OV 


1. Basic test methods for npn and 
pnp transistors. 





This tends to give unrealistically low 
readings on low gain devices, and could 
give the impression that a component is 
sub-standard when it is actually “‘up to 
scratch’. 

This tester gives low gain devices a 
“fair hearing” by using a fixed collector 
current and a variable base current. The 
basic idea is to have a circuit that auto- 
matically adjusts itself to provide the 
base current that just supports the collec- 
tor current in use. The gain of the test 


IC2 = CA3130E 


IC 1 


TLC5481P 


To 
Printer 
Port 


device can be calculated from the base 
current reading, but one is not directly 
proportional to the other. The lower the 
base current, the higher the current gain 
of the test component. The scaling is not 
just reverse reading, but is also non- 
linear. 

In a computer based system this is 
not really of any consequence, since 
the software can provide a few simple 
calculations to provide a direct readout 
of current gain. It is basically just a 
matter of dividing the fixed collector 
current by the base current reading from 
the interface. 


Self Adjusting 


The basic arrangement used in 
the interface, which feeds into 
the PC’s printer port via a simple 
analogue to digital converter, is 
shown in Fig. 1. If we take the 
npn circuit first, the collector (c) 
of the transistor is fed from 
a constant current generator. 
The current used must be one 
that gives reasonable gain from 
higher power transistors, but it 
must not be so high as to risk 
damaging low current devices. 
This system uses a current of 10 
milliamps, which seems to give 
good results in practice. 

The test device is biased into 
conduction via resistor R1 con- 
nected between its collector (c) and base 
(b) terminals. Provided the value of R1 
is low enough, it will supply a base 
current that just supports the collec- 
tor current set by the constant current 
generator circuit. 

An excessive base current is avoided 
by a negative feedback action. An in- 
creased base current results in a lower 
collector voltage, which reduces the base 
current. In effect, the collector voltage 
automatically adjusts itself to provide 


Fig. 2. The circuit diagram for the Transistor Tester Interface. 
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the correct base current for the test 
device. 


Calculating Gain 

In order to calculate the gain of the 
test transistor it is merely necessary to 
measure the base current, and then div- 
ide the collector current by this figure. In 
practice it is quite difficult to measure the 
current flow through resistor R1 using a 
computer. 

It is easier to take the indirect 
approach and measure the collector 
voltage. This is equal to the voltage 
across R1, plus the (approximately) 0-7V 
developed across the base-emitter junc- 
tion of the test transistor. Deducting 0-7V 
from the collector voltage gives the 
voltage across R1, and Ohm’s Law can 
then be used to calculate the base 
current. 

One slight flaw in this method of 
testing is that although the collector 
current is constant, the collector voltage 
varies significantly from one test device 
to another. Fortunately, this is of no great 
importance, since the gain of a transistor 
is little affected by variations in collector 
voltage. 

The pnp test circuit is essentially the 
same as the npn type, but with a change 
of supply polarity. This brings a slight 
problem in that the output voltage is 
referenced to the positive supply rail, 
and not the OV “earth” rail. This is not 
a major obstacle though, and either 
hardware or software can be used to 
compensate for this factor. 


Fig. 3. Details for connecting the 
Transistor Tester to the 
PC printer port. 


Listing 1: Transistor Tester Program 


REM transistor tester program 
(TLC548 A/D converter) 


CLS 

LOCATE 8,25 

PRINT “DC CURRENT GAIN” 
OUT &H37A,1 

OUT &H37A,3 

OUT &H37A,2 

X = INP(&H379) AND 8 
X = X*16 

OUT &H37A,3 

OUT &H37A,2 

Y = INP(&H379) AND 8 
Y = Y*8 

X=X+Y 

OUT &H37A,3 

OUT &H37A,2 

Y = INP(&H379) AND 8 
Y=Y*4 

X=X+Y 

OUT &H37A,3 

OUT &H37A,2 

Y = INP(&H379) AND 8 
Y=Y*2 

X=X+Y 

OUT &H37A,3 

OUT &H37A,2 


=e seatates, en 0 ee a KOO Oe Sy oetatete OO See ce OD eee orate te! etetetetatet, i rene seat, *, 
555 aatetete taeates e585 See e585 See aeatats! este atatatetes tetetaten: lateseterste, 
FE tet s SN 
CEES etateteien en Seems SS etaretets SES notes Se eet Soo Ss eetetetes ees ERK eantetetetetens 
Ce 
Sensis anes. 
sate 
ae esters 
OO “stete. 
were! ‘elege, 
wrote: ‘tote, 
x5 S 
Bo Re 
eee, See 
"sete, state 
wade, sotet 
seats oe 
esete. steeet 
oe. setae 
‘state, sete 
state siete! 
“etste *.*, 


we 
tess F538 
state. ese 
sates Pe 
Og 
ete? o* 
ee M%e% 
Setee. eee 
tts, Soe 
Se oe 
Me. ect 
“ahete eee 
ate, satete 
‘eats siete 
oe ae 
She, Sy 
OO ee Priest ER Patater er re Putatet So M6%e%ea%e' oe 
an Sees eee Seocoreotss sees Rents es Se Ge eeeseceee Pcetanseanltess ateeanete® 
as Ses eterstete ere SURG aren erase ae Res ens Piselel (sielalsteteeces sees 


The Circuit 

The full circuit diagram for the 
Transistor Tester Interface appears in 
Fig.2. The analogue-to-digital converter 
is based on the TLC548 serial converter. 
This chip, and its use with a PC printer 
port, was covered in the November 1995 
issue of EPE. Refer to the Interface article 
in that issue if you require detailed 
information on the converter. All you 
really need to know here is that it has an 
input voltage range of zero to five volts. 

Transistor TR1 is used in the constant 
current generator for the npn test circuit. 
Preset potentiometer VRI1 is adjusted 
to give one volt across resistor R2. If 
slightly reduced accuracy is acceptable, 
simply replace resistor R4 and VR1 with 
a fixed resistor of 3-3 kilohms (3k3) in 
value. 

Resistor R1 is the base bias resistor, 
and a value of 10 kilohms is a very 
convenient one. If the readings from the 
converter are doubled, this gives a range 





of returned values from 0 to (roughly) 
500, which equates to a base current 
range of 0 to 500 microamps (wA). 

The pnp test circuit has TR2 as the 
constant current source. Here, preset 
VR2 should be adjusted to give one volt 
across resistor R10. A software inver- 
sion can be provided by deducting the 
returned value from 255. 

This circuit provides a hardware 
inversion, which avoids the need for 
npn/pnp switching in the software. The 
inversion is provided by IC2 which acts 
as a unity gain inverting amplifier. This 
stage works fine using a CA3130E, but is 
unlikely to work at all using most 
other operational amplifiers. Switch S1 
provides npn/pnp switching, and_ it 
simply switches the output of the 
appropriate circuit to the input of the 
converter. 

To keep things simple, separate test 
sockets are used for the two types of 
transistor. However, an extra three poles 
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270 Y = INP(&H379) AND 8 
280 X=X+Y 

290 OUT &H37A,3 

300 OUT &H37A,2 

310 Y = INP(&H379) AND 8 
320 Y = Y/2 

330 X=X+Y 

340 OUT &H37A,3 

350 OUT &H37A,2 

360 Y = INP(&H379) AND 8 
370 Y = Y/4 

380 X=X+Y 

390 OUT &H37A,3 

400 OUT &H37A,2 

410 Y = INP(&H379) AND 8 
420 Y = Y/8 

430 X=X+Y 

440 OUT &H37A,3 

450 X=X*2 

460 OUT &H37A,1 

470 X=X- 69 

480 X = 10000\ X 

490 LOCATE 10,30 

500 IF X < 25 THEN PRINT “ 
510 IFX < 25GOTO50 
520 PRINT X 

530 GOTO 50 





on switch S1 would enable one socket to 
be shared between the two sections of 
the unit. 

Note that IC2 is a CMOS device, 
and that it therefore requires the stan- 
dard anti-static handling precautions. 
The resistors, apart from R3, R4, R11 and 
R12, should have a tolerance rating of 
one percent. 


Software 

The accompanying GW BASIC listing 
reads the port, calculates the current 
gain, and prints it on the screen. Most of 
the program is concerned with reading 
the port, and is essentially the same as 
the listing provided in the November 
1995 issue (see Back Issues page). 

Some lines added onto the end of the 
original program work out the current 
gain, print the answer on the screen, and 
loop the program indefinitely. Lines 500 
and 510 detect very low readings of un- 
der 25, and blank the display. This gives 
a blank display with no test device con- 
nected, or if the test component has a 
gain of under 25. 

The port addresses used in the pro- 
gram are for printer port one. If the 
system is used with printer port two, 
addresses &H379 and &H37A should be 
changed to &H279 and &H27A respec- 
tively (e.g. “OUT &H27A,1” at line 50). 
There is no built-in means of breaking 
out of the loop, but the usual ‘’Con- 
trol — Break’’ combination will halt the 
program. 

In use the system seems to work very 
well, giving more plausible results than 
most testers when testing lower gain and 
(or) higher current devices. One draw- 
back of this system is that it has lower 
resolution at high gains than at low 
gains, but it still gives perfectly accept- 
able results with high gain devices. 
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Soecial Feature 


WAVEFORM 





ANDY FLIND 





At last there is a waveform 
generator which offers greater 
advantages over the familiar 


GOSS device. 


EDICATED waveform and ‘‘function 

generator’ i.c.s have been around 

for many years now. Some of the 
simpler ones offer only square and trian- 
gular output waveforms but at least one, 
the well-known 8038, also has a sine wave 
output which makes it a good basis for the 
design of versatile signal generators. 

It is fairly complex to design with, 
though, and a successful circuit generally 
needs quite a few preset adjustments for 
acceptable performance. In addition, its 
maximum frequency 1s quite low. AIl- 
though one manufacturer quotes a_ top 
speed of IMHz, in practice the 8038 
usually begins to struggle beyond 200kHz 
and, where good waveforms are required, 
it is preferable to regard 100kHz as the 
maximum. A faster waveform generator 
1.c. has been overdue for some time. 


EASY TO USE 


With the introduction of their new 
MAX038 waveform generator 1.c., Maxim 
have at last filled this need. Like the 8038, 
the MAX038 provides all three output 
waveforms but it is much easier to use and 
has some interesting new features that 
increase its versatility. 

The most important characteristic, how- 
ever, is speed. Maxim claim over 20MHz, 
and the author’s experience shows that it is 
indeed capable of this with little degrada- 
tion of any of the output waveforms. 

At 1OMHz the outputs are excellent, 
even the square wave! At around £15 it is 
not a cheap i.c., but it looks set to become 
the new industry standard, so in time this 
price may well fall. Meanwhile, it is still 
inexpensive in view of the performance of 
which it is capable. 

At the time of writing, the device is 
available in both surface-mount and stan- 
dard dual-in-line (d.i.l.) packages. The 
20-pin d.i.l. version will probably be the 
one encountered by most readers and its 
pinouts are shown in Fig. 1. 
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OPERATIONAL TOUR 


A good way to describe the operation of 
this new ic. is to begin with a_ brief 
description of its internal architecture, and 
continue with a tour of the external con- 
nections giving detailed descriptions of 
their functions. A simplified diagram of 
the internal structure is shown in Fig. 2. 

The control current regulator converts 
signals from three inputs to a control cur- 
rent which passes to the oscillator. This is 
of the relaxation type, where a capacitor 
is repeatedly charged and discharged be- 
tween two preset limits, with currents set 
by the input control current. The outputs 
from the oscillator are a triangle wave 
from the capacitor and a square wave from 
the comparator used for switching between 
charge and discharge. 

Sine waves are obtained by modifying 
the triangle wave in a shaping circuit. The 
three waveforms then go to a selection 
switch which is controlled by logic levels 







applied to two waveform control inputs, 
and the one chosen passes though a buffer 
amplifier to the output. 

Three further functions are provided by 
the device. A very fast comparator, driven 
from the triangle wave, produces a logic 
level syne output for driving synchronised 
external circuitry. A phase detector with an 
external input can be used for phase- 
locking the oscillator to an external sig- 
nal, possibly using division, to construct 
a phase-locked loop. Finally, a 2:5V 
reference source is provided for use in 
generating input control voltages for the 
current generator. 


POWER SUPPLIES 


Dual power supplies of +5V and —5V 
are needed, with a tolerance of 0-25V and 
currents of about 45mA from both. The 
simplest way to provide these is from 7805 
and 7905 positive and negative regulators. 
The 1A versions are preferable to the 
100mA type because they will usually 
dissipate a small amount of heat and it is 
much easier to attach heatsinks to the 1A 
devices. 

The MAX038 has its positive supply 
input at pin 17 and the negative supply 
input at pin 20. Pins 2, 6, 9, 11, 15 and 18 
are all ground connections and must all be 


SYNC +VE 


MAXIM 


MAX038 


DUTY CYCLE ADJUST 


FREQUENCY ADJUST 8 | 


FREQUENCY CONTROL INPUT 


Fig. 1. Pinouts of the d.i./. version of the MAX038. 
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Fig. 2. Internal structure of the MAX038 waveform generator. Positive power supply input is at pin 17 and negative at pin 20. 


connected to ground. Both supplies should 
be decoupled to ground by capacitors 
placed as close to the supply pins as 
possible. Maxim recommend the use of InF 
ceramic capacitors in parallel with IF 
tantalum bead types for decoupling. 

They also suggest an alternative of IF 
ceramics, but these are large and expen- 
sive, sO most designers will probably opt 
for the first combination. 

Pins 15 and 16 are separate supply con- 
nections for the internal comparator for the 
sync output. If this is not needed, it can be 
disabled by simply leaving pin 16 uncon- 
nected, saving supply current and eliminat- 
ing the possibility of stray coupling be- 
~ tween the sync and main outputs. 

It is necessary that pin 15 should always 
be grounded, however, otherwise the com- 
parator will distort the triangle and sine out- 
puts. If pin 16 is powered, a small series 
resistor of about 100 ohms should be used 
together with local decoupling capacitors. 


OTHER PINS 


The functions of the remaining pins are 
as follows: 

Pin | provides a 2-5V d.c. output from a 
bandgap reference source. The data sheet 
states that up to 4mA can be drawn from 
this output but, with two examples tested 
by the author, currents in excess of ImA 
caused a voltage drop. 

This is seriously bad news since the 
reference is also used by the i.c.’s in- 
ternal circuits and dragging it down in this 
way causes severe waveform distortion 
and frequency changes. 

The message is clear; either avoid using 
it, or buffer it with an op.amp. With a 
regulated positive 5V supply available, 


most applications can use this instead. A 
small decoupling capacitor can be used 
between pin | and ground at pin 2. 

Pins 3 and 4 are the output waveform 
selection inputs which should be held at 
ground (low) or +5V (high). Their input 
impedance is quite high, so they can be 
pulled high or low with 10k) resistors 
and enabled or disabled with very simple 
switching. 

The easy way to follow their action is as 
follows: if both are low, the output is a 
squarewave; if just pin 3 is high, it is a 
triangle wave; but if pin 4 is high it will be 
a sine wave regardless of the state of pin 3. 

Pin 5 is the connection for the external 
frequency determining capacitance. The 
other end of this is grounded and it should 
be placed as close as possible to pins 5 and 
6. Many designs using pin 5 will have 
several frequency ranges provided by 
switching between suitable capacitors, so 
the wiring of this part should be kept as 
short as possible. 

Pin 7 is for control of the output duty- 
cycle, or symmetry. It has an internal 
constant current ‘‘sink’’ to the —5V sup- 
ply so it should never be left open circuit. 
If duty-cycle adjustment is not required, 
it can be connected directly to ground and 
the duty-cycle will then be almost exactly 
50:50. 

If it is needed, varying the voltage at 
pin 7 between +2-3V will alter the duty 
cycle between 15 per cent and 85 per cent 
with little change of frequency. If this in- 
put is controlled through a resistor, the ef- 
fect of the current sink must be taken into 
consideration, but it can be driven by a 
low impedance source, such as an op.amp 
output. 
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Pin 8 is for modulation or fine adjust- 
ment of output frequency. Its use is sim- 
ilar to that of pin 7 in that it also has 
an internal 250A current sink and can 
be grounded if not required. Where it is 
used, compensation must be made for the 
effect of the sink. Varying this input be- 
tween + 2-4V alters the nominal frequency 
by +70 per cent. 


FREQUENCY 
CONTROL 


Pin 10 is the main frequency control in- 
put. Current fed into this pin together with 
the value of the capacitor at pin 5 controls 
the output frequency, which can be calcu- 
lated roughly from: 


F (Hertz) = J,, (amps) / C (farads) 
which translates usefully to: 
F(MHz) = Iin (A) / C (pF) 


Although the input to pin 10 is a current, 
this input behaves in a manner sometimes 
referred to as a ‘‘virtual earth’’, meaning 
that whatever current is fed into it, its volt- 
age is always zero or ground potential. 

This means that if a resistor is connected 
in series with it, the input current will be 
directly proportional to the applied volt- 
age, turning it into a linear voltage-con- 
trolled input. Values of input current can 
be from 2A to 750A, with a preferred 
range of 1OwWA to 400A. 

Pins 12 and 13 are the output and exter- 
nal input of an exclusive-OR type phase 
detector. This produces rectangular pulses 
from pin 12 having their width dependant 
on the phase of the external input, as 
compared to the internal one. These can 
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be converted to a d.c. voltage with a 
simple resistor and capacitor low-pass fil- 
ter, and then coupled back to pin 8 to form 
a phase-locked loop for locking the fre- 
quency to an external signal. 

Maxim recommend that both of these 
pins should be grounded if not used. This 
may sound odd for the output, but it appears 
to have only a limited current capability and 
grounding it probably helps avoid stray cou- 
pling to other parts of the circuit. 


OUTPUTS 


The sync output from pin 14 is a logic 
level (ground to +5V) output for driv- 
ing external circuitry, especially TTL or 
CMOS. It has very fast rise and fall times, 
so where it is used careful layout is needed 
to avoid stray coupling into the main out- 
put. If it is not needed, it can be left 
open-circuit together with the positive sup- 
ply point for its comparator, pin 16. 

The main output is provided at pin 19. 
This will be a sine, square or triangle 
waveform as selected by the levels applied 
to pins 3 and 4, and it always has an 
amplitude of 2V peak-to-peak. 


The output has a very low internal resis- . 


tance, a maximum of 0-2 ohms is quoted, 
and it can supply up to 40mA. This allows 
the use of low-impedance following cir- 
cuitry which makes it easier to maintain 
performance at high frequency. 

Typically, the output may be connected 
into a 1kQ carbon potentiometer for 
amplitude control, followed by a very fast 
amplifier having sufficient gain to achieve 
the maximum amplitude required. 


TEMPERATURE 
COEFFICIENT 


One special operating mode is worth 
mentioning. Apparently the internal fre- 
quency adjusting circuit behind pin 8 
adds a small temperature coefficient to 
the operating frequency. If this pin is 
grounded through a 12k) resistor, the 
internal current sink will develop —3V at 
pin 8, which causes the internal circuit to 
disconnect itself. 

This has two effects. Firstly, the tem- 
perature coefficient is improved. Secondly, 
the output frequency set by the input 
current and external capacitor is doubled, 
although the manufacturer hastens to point 
out that this does not double the ultimate 
output frequency of which the i.c. is 
capable! Most applications probably will 
not be critical enough to need this mode, 
however. 
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Fig. 3. Experimental circuit using the MAX038. 


EXPERIMENTAL 
CIRCUIT 


For enthusiasts who would like to ex- 
periment with this device for themselves, 
a simple circuit to get it up and run- 
ning is shown in Fig.3. The only real 
problem with the MAX038 is that inherent 
in its sheer speed. Breadboarding can be 
difficult as stray coupling and reflected 
signals in mismatched bits of wire can 
produce all sorts of odd effects. 

Whilst these usually disappear when the 
circuit is rebuilt with a good printed circuit 
board layout, it is possible that other more 
serious design defects will actually have 
been masked by them! This may lead to 
more trial and error than usual when work- 
ing with this device. 

Maxim suggest careful layout on a 
double-sided ground-plane p.c.b. for best 
results. In practice, a single-sided p.c.b. 
seems to work well, providing it has 
plenty of copper areas at ground poten- 
tial, good decoupling and guard tracks 
around signal paths carrying rectangular 
waveforms, especially that from the sync 
output. 

Such effort is well worthwhile, since 
circuits having far greater performance 
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than those’ constructed with older 
waveform generator i.c.s are undoubtedly 
now possible. 
The following component recommenda- 
tions are offered: 
Resistors — 0-6W, 1% metal film 
C1, C2, C3 and C5 — ceramic disc 
C4 and C6 — tantalum bead, 35V 
Cex, — as required for frequency, be- 
tween 47pF and 4y7F, polyester or 
polystyrene. 


SOURCE 


MAX038CPP waveform generator i.c.s 
can be obtained from RS Components 
(trade only — tel: 01536 201201) or 
Electromail (retail outlet for RS — tel: 
01536 204555), order code 810-396. 

It is also available from Maplin (tel: 
01702 554161) order code DT25. Maxim 
will also supply it directly against credit 
card orders (tel: 01743 303388). 


NEXT MONTH 


A practical 


and very versatile 
10MHz waveform generator project 
using the MAX038 will be 
published in our October issue. 








saneaseaeceniad Post Code ................sceceeeee 


Everyday Practical Electronics is published on the first Friday of each month and distributed S.O.R. by Seymour 
Make sure of your copy of EPE each month — cut out or photostat this form, fill it in and hand it to your newsagent. 


694 


Everyday Practical Electronics, September 1996 


| NSD LF md Ot md 0) (3-4-1 (0) 411 41 
Schematic and PCB CAD 


From Super Schematics ¢ Runs on:- PC/ 386/ 486 with 
_ VGA display 
e Links to PULSAR (logic), 
ANALYSER III (analogue) 
ee gS ea & LAYAN (electromagnetic) 
: Neen Sa simulators. 
e Design:- Single sided, 
Double sided and 
Multi-layer boards. 


ae 
fe ae | 6|e Provides full Surface Mount 
ae in support. 


File Edit | View Tools Settings Output 












































ae ins e Standard output includes 








} : 4 feats - EtOH Oa Dot Matrix / Laser / Ink-jet 
“EaSY_PC-PXM | SL Rel 10.458, 16.428 IN Grid 45f ° ee plotter and N.C. Drill. 
e Optional, powerful, 32 bit 
Multi-pass, Shape based, 
eas Y-PC-PXM | PL Rel 13.251, 18.555 IN Qtr 45fix ans STUMPR. PCB Shove Aside, Rip-up and 


ee To Pe r fec { p Cc B ; S Re-try Autorouter. 


| 18-19 September 1996 | 


Simulation can even include the parasitic 
effects introduced by the Board Layout 


LAYAN - Electro-magnetic Affordable Electronics CAD 
Simulation ON LY £495 EASY-PC Professional: Schematic | From $245 £145 


Saar be tates — RAL TT Pavan —————. | Capture and PCB CAD. Links directly to 
[eee ua’. dawn eee ite coo ei ae ate ce. | ANALYSER III, LAYAN and PULSAR. 


Gain (dB) 


aoe ak ; 0 | MultiRouter: S2bit Multi- ass Autorouter $475 | £295 
| oe) $9501 £495 
































1 4 
| -20.0004 


Siar Include the board parasitics in 
«wom | | your Analogue simulations. Links with 

‘| s00.00 | and requires EASY-PC Professional XM 

ja and ANALYSER III Professional 


inn "| PULSAR: Digital Circuit Simulator | From: $175 


iy jon ANALYSER III: Analogue ‘Linear Circuit | From $175. gg 
_ | Simulator 


100M 
- p Auto Rel.to:0 dB Y-Scale:dB } ——— —— —s- — - . a ao See! 
aay ay py eee - ————" | FILTECH: Active and Passive Filter From $245. 
[ttaber One Systens ANALYSER ITT Professional ‘anger trent Si ulator | Design program 


| Configuration Libr 'To Quit | — —_—+ ae ar a 
eid Beain:8.000 GHz potas 000 ‘alt Piles om X-Scale thi | STOCKIT: New comprehensive Stock | $245 
































Angle 
100.000 


F control program for the small or medium 
| wo. | |sized business 


+ -200.000 


~! | EASY-PC: Entry level PCB and  g435) 
+-800..090 Schematic ¢ CAD. 


+ -600 .000 


00.00! | Z-MATCH : Windows based Smith-Chart | From $245  ¢ 


+ -800 .000 


jem) |programforRF Engineers. | | 
| We operate a no penalty upgrade policy. 

US$ prices include Post and Packing 
_ Sterling Prices exclude P&P and VAT. | 


e TECHNICAL SUPPORT FREE FOR LIFE 
e PROGRAMS NOT COPY PROTECTED. 
e SPECIAL PRICES FOR EDUCATION. 


e-mail: sales@numberone.com 





















































For full information, please write, phone, fax or email:- 


Number One Systems 


UK/EEC: Ref. EVD, Harding Way, St.lves, Cambridgeshire., ENGLAND, PE17 4WR. 


















Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042 International +44 1480 461778 
USA: Ref. EVD, 126 Smith Creek Drive, Los Gatos, CA 95030 
Telephone/Fax: (415) 968-9306 nen MasterCard 


ada4pria 


Everyday Practical Electronics, September 1996 695 





Reality of Stonehenge 

Exactly as the marketing pundits pre- 
dict, the Internet is turning into a market- 
ing tool. Goods, services, magazines 
and entertainment are all on offer. 
Sometimes you pay to receive, other 
times you are getting advertisements for 
something that someone is trying to sell. 

The most exciting claims and 
promises are made by people who have 
never actually set up a PC, connected to 
the Internet and downloaded data. If 
they had rolled up their sleeves and 
done it themselves, they could never 
deliver their spiel with a straight face. 

English Heritage looks after 
Stonehenge and has tied up with Intel 
and Californian software company 
Superscape to put a ‘virtual reality” 
Stonehenge model on the Internet. 

“Millions of people round the world 
will be able to walk virtually through 
the stones” promised EH Chairman Sir 
Jocelyn Stevens, and EH archeologists 
when the system was launched at the 
London Planetarium. 

The demo did look impressive, as 
well it should have done. The com- 
puters used were £20,000 Intergaphs, 
with ganged pairs of 200MHz Pentium 
processors and 128MB of RAM. The 
Internet site was coming from a hard 
disc, not down a phone line. 

But by being a bit pushy | did get 
a demo from a laptop, connected to 
the Internet site (www.intel.com) by 
phone line and 28-8K modem. It worked 
very well because Superscape’s Viscape 
software plays a clever trick. Instead of 
relying on a constant flow of graphics 
data down the line, it downloads a VR 
model into the PC and then needs only 
nibbles of data to control motion. 


Fit of Peak 

That night | tried it at home. In fact | 
tried night after night for several weeks. 
Getting the system up and running is, | 
would guess, comparable to climbing Mt 
Everest with one leg tied behind your 
back. 

Stonehenge works only on a Windows 
PC, not an Apple Mac. You can of 
course thank Intel’s involvement for that. 
Superscape’s Viscape software wilt only 
work with the Netscape Web Browser. 
Tough luck if you have Mosaic (e.g. 
if you use CompuServe) or Microsoft's 
Explorer (e.g. you are on the. Microsoft 
Network). 

If you Know what you are doing, you 
should be able to dial into the Internet 
using either of these services, and then 
overlay Netscape. This works with MSN 
but not CompuServe. 

The one man | found inside the whole 
of English Heritage who has _ actually 
set up the system himself (and not 
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REPORT 


by Barry Fox 


surprisingly he’s in charge of EH’s office 
computer network) thinks this is some- 
thing to do with “routers being too clever’. 

You cannot buy Viscape on a disc. 
It is still in Beta version. So you must 
download it from Superscape’s site on 
the Internet. This took me half an hour, 
even on an ISDN line. So expect it to 
take over an hour on an ordinary line. 

Viscape will only “plug into” Netscape 
Version 2 or later. Last year’s Ver 1.2 
is no-no. So that’s more downloading to 
do, or more discs to buy. 

If you are running Windows 3.1 you 
will need the 16-bit version, but Windows 
95 needs 32-bit. Viscape then needs the 
Win 32s software extension if you have 
16-bit Windows 3.1. 

(| hope this is all clear, because | shall 
be asking questions at the end!) 





Need 


Just to make sure you are concentrat- 
ing, Superscape has wrongly labelled 
the Viscape file that comes down the 
line. So when the instructions say Run 
Runme.exe, they actually mean Run 
Runme106.exe. 

After literally weeks of carefully 
following instructions, spotting the 
Runme error and getting error messages 
like “Netscape not found”, | finally did 
something wrong and got a sight of 
Stonehenge on my PC screen. 

By then | had lost all interest in the 
system and wanted only to lock all EH’s 
top management into a room with a few 
PCs and not let them out until they 
either visited Stonehenge or admitted 
that the system was as ready for launch 
as a car with the engine still packed as 
a kit of parts. 


mee (Games On The Line s.r 


For game playing, E-ON, ‘‘Entertain- 
ment On-Line’’, promises game_ play 
from the Internet (www.e-on.com) ‘‘for 
as little as £5.99 per month’’. 

Subscribers get the chance to play ‘‘a 
range of hit games, including the very 
best from ... Sony/Psygnosis, Virgin, 
Gametek, US Gold and Gremlin Interac- 
tive’’. Founder Mark Bernstein said at the 
UK launch in July, that the system is ‘‘as 
easy to use asa TV’’. 

But this claim rang rather hollow after 
the show biz presenter had gone through 
a long puff about ‘‘doing it live, down a 
phone line through a modem’’, when the 
on-screen demonstration was very clearly 
coming from a disc. Backed by a team of 
experts controlling the computers he 
finally plucked up courage to go live 
on-line. Surprise, surprise, the system 
crashed. 

Fortunately a row of PCs set up 
elsewhere in the room were all working 
live on-line, through consumer modems. 
Game play, for instance on Tank Warrier, 
looked surprisingly smooth. 


Childs Play 

‘*Yes, but wait and see what happens 
if the service 1s successful, and several 
thousand kids are all trying to access the 
service on Saturday morning’’, said one 
industry consultant. 


Perhaps more to the point, what hap- 


pens when parents start getting the bills 
that their kids are running up by playing 
games on-line, rather than off ROM disc? 

The £5.99 per month subscription fee 
only applies if the subscriber uses one of 
the Internet services with which E-ON 


has deals. These include America On - 


Line, Easynet, UK OnLine and Pipex 
Dial. 

If the game player goes through any 
other service provider, for instance Com- 
puserve, the price rises to £9.99 per 
month. Internet service providers charge 
at least £10 a month, often nearer £15, or 
up to a couple of pounds an hour after a 
few hours free time per month. 

Then there is the cost of making the 
local BT call into the Internet. If the calls 
are made over the weekend, then the 
price is 60p per hour. On weekday eve- 
nings BT charges 5p for every three 
minutes, which is £1 per hour. If the kids 
are on school holiday, playing games 
during the day at BT’s local peak rates, 
the cost is 5p per 75 seconds, which 
works out at £2.40 per hour. 

Once you have subscribed and before 
you play games, you must download a 
large file of control software. E-ON 
warns that this will take 45 minutes even 
with a 28-8k modem. But at least this 1s a 
one-off load. 


Paying the Price 

Once up and running, a game addict 
can easily run up local call charges of 
£10 a week. Add to that at least £10 a 
month for Internet access plus at least £6 
for the E-ON subscription, and you start 
to get a feel for the kind of money in- 
volved in accessing on-line entertainment 
services. . 

You also see why so many companies 
are now trying to get a slice of the action. 
But with so many companies looking for 
slices, a lot of them must fail. No-one 
knows who, which is why so many are 
trying to find a place on the bandwagon. 
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CLOCK 








JOHN BECKER 


Have a swinging time building 
this ‘‘rmagic’’ Clock! 


HERE is no denying it, 
| the PIC-Tock Pendulum 
Clock is simply a novelty! 
Blatantly, there are much easier 
ways of telling the time, most of 
us wear them on our wrists, or 
mount them on the wall. But why 
do things the dull way if there’s a 
more fun way of doing them? 

First design thoughts were 
about how the PIC-Tock could 
be made different to the two 
inspirations. As will be seen, the 
principal difference is that the 
PIC-Tock uses a suspended pendulum 
display. It is also programmed as a 
24-hour clock. 

The Spacewriter referred to above is a 
handheld ‘‘wand’’ waved in front of an 
awe-struck viewer who sees the mes- 
sage ‘‘MERRY XMAS” drawn in light 
across space. The Science Museum design 
also consists of a wand. This, though, 1s 
mounted on a stand and pivoted at the base. 
When the wand swings, the lighted message 
drawn in space shows the current time. 

These are seemingly astonishing feats, 
since each wand is simply a tube con- 
taining a single column of light emitting 
diodes. When stationary, there appears no 
way that they could show a message, 


PERSISTENT VISION 


The answer lies in the phenomenon that 
led to the creation of the cinema, persist- 
ence of vision. The human eye “‘stores’’ 
an image briefly beyond the point at which 
the image source is removed. This can be 
illustrated by the large X in Fig. 1. 

With the page you are now looking at 
well lit, hold it in your hand and stare at 
the X. Now close your eyes quickly. You 
should find that for a second or two, and 
sometimes longer, the image of the X 
remains ‘“‘trapped’’ in the eyes. If the X 
is sufficiently well lit, its latent image 
can almost be ‘‘studied’’ while your eyes 
remain closed. 

The image will quickly fade as the 
retina nerves of the eyes return to normal. 


Scene: EPE HQ -— Editor’s office. 
On the desk: EPE December '94 open at Spacewriter 
messagemaker, and Science Museum catalogue advertising 
lever-arm clock. 
}.B. (queryingly): “Which, perhaps, inspired the other?” 
M.K. (knowingly): ‘Neither, the principle’s historic.”’ 


].B. (memorably): “Ah!” 
M.K. (suggestively): “Could you design a spacewriter clock?” 
].B. (technically): “Probably...” 
M.K. (directorially): ‘Do it!” 


So began a train of thought that led to the P/C-Tock Pendulum Clock. 





Blinking the eyes open and closed again 
repeats the process. If eyelids could move 
fast enough, repeated rapid blinking would 
give the brain the sensation that the eyes 
are viewing a scene continuously with no 
intervening periods when it 1s shut off by 
the eyelids. 

Eyes can’t actually blink that fast and so 
a flickering scene of alternate brightness 
and semi-darkness is experienced. How- 
ever, with eyes remaining open, if the 
room light is turned on and off more 
rapidly than the retina nerves allow the 
scene to fade, a continuous viewing of the 
scene will be experienced. 





Fig. 1. Using the letter X to demonstrate 
“persistence of vision”. 
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This is precisely the way that a cinema 
film projected onto a blank surface is 
viewed as a moving image, except that it is 
a shutter that turns the projector light on 
and off. On each occasion, a 


different stationary image is 
projected and any _ positional 
differences between  consecu- 
tive images of almost identical 
scenes are seen as movement. 

The Spacewriter, the Science 
Museum Clock and the PIC- 
Tock wands are designed so that 
when they are moved through an 
arc, the lights flash in different 
patterns at each position through 
the arc. Retaining the image of 
each pattern flash, the viewer’s 
eyes are made to believe that the sequence 
of flashes is one long flash in which the 
several patterns are simultaneously seen as 
a coherent message. 


LIMITATIONS 


The patterns could be arranged to show 
any simple message, whether it is in text 
or numbers. Even a simple picture could 
be ‘“‘drawn’’ by a wand with enough 
lights. Vertically, there is no limit to the 
number of lights that can be used to make 
up the pattern, other than that imposed by 
practicality. 

Horizontally, though, the number of 
flashes that can occur is dictated by the 
time between the start of the sequence and 
its end. Too long a time will result in 
the eye ‘‘forgetting’’ the starting pattern 
before the ending pattern is shown. Effec- 
tively, the total period should last for no 
more than about a quarter to half a second. 

There are also limits to the distance be- 
tween the positions of the starting and en- 
ding patterns. Too short a distance and the 
images will be too closely superimposed for 
the overall pattern to be distinguished. Too 
long a distance will result in each pattern 
flash appearing as streaks of light, again 
making the overall pattern difficult to inter- 
pret. Also, with a lengthy swing, the eye 
tries to follow the lights and so the effect is 
lost, all that is seen is a vertical line whose 
individual segments are flashing. 

Obviously, then, these practicalities 
constrain the amount of data that can be 
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Swinging the pendulum past the infra-red beam triggers the time in “thin air”’. 


conveyed by a_ horizontally moving 
sequence of flashing lights arranged as a 
single vertical column. 

With the Spacewriter, the message 
had to be restricted to show 
‘““MERRY XMAS” rather than ‘‘MERRY 
CHRISTMAS’’. To simply tell the time, 
however, a six-digit number is perfectly 
readable, two digits for hours, two for 
minutes and two for seconds. 

Thus, the technique is well suited to use 
as a Clock display, as the PIC-Tock Pen- 
dulum Clock proves. 


MICROCONTROLLER 


The complete circuit diagram for the 
PIC-Tock Pendulum Clock is shown in 
Fig. 2. As can be seen, there is not a lot 
to it! Most of the work is done by the 
PIC16C84 microcontroller, [Cl, and the 
software programmed into it. 

This particular microcontroller is the 


EEPROM version of the PIC family. 


manufactured by Arizona Microchip. It 
has previously been described in two 
EPE articles, the Simple PIC16C8&4 Pro- 
grammer and the PIC-Electric Meter, both 
in the February °96 issue. (We regret that 
this issue is now completely out of print 
and only photostat copies of these articles 
are available — see page 722 — Ed.). 


+3V/+6VE 
O 


POWER 
(SEE TEXT) 


OV oO 


OSC1/CLKIN 


Being an EEPROM _ (Electrically 
Erasable Programmable Read Only 
Memory) device, the PIC16C84 can be 
repeatedly reprogrammed several thousand 
times. It does not need to be erased by 
ultra-violet light between each reprogram- 
ming routine. 

It contains two input/output ports, the 
first having five lines, RAO to RA4, the 
second having eight lines, RBO to RB7. 
Any of the lines can be set through 
software as an input or output. As dis- 
cussed in the manufacturer’s data book, 
some of the lines can be used as interrupt 
inputs, although this fact is not taken 
advantage of in PIC-Tock. 

The device can be software-configured 
for any one of four oscillation modes: 


RC Resistor-capacitor oscillator 

XT Standard crystal/resonator 
(100kHz to 4MHz) 

HS High-speed crystal/resonator 
(4MHz to 1OMHz) 

LP Power saving low frequency crystal 
(32kHz to 200kHz). 


Here, the XT mode is used, in which 
the oscillation frequency is generated 
around the 3-:2768MHz crystal X1, in 
conjunction with capacitors C2 and C3, 
and resistor R6. 


TOCKI/RA4 
INT/RBO 


§ OSC2/CLKOUT RBI 


IC1 
PIC16C84 


CLK/RB6 
DIO/RB7 
D 


O 
* 


COUNTING TIME 


Using an internal counter, the 
3-2768MHz master frequency is_ sub- 
divided to trigger a register flag at intervals 
of approximately 100th of a second. The 
precise count is varied periodically during 
the software routines to compensate for 
manufacturing tolerances of the exact 
crystal frequency. | 

Each time the register flag is triggered, 
counters representing seconds, minutes 
and hours are incremented as appropriate, 
as happens in an ordinary digital clock. 


SEGMENTED TIME 


The contents of the clock counters are 
converted to a format suitable for driving 
the five l.e.d.s (light emitting diodes) D1 
to DS. Using an internal look-up table, at 
each 100th of a second count, the format is 
determined by which portion of the time is 
to be shown. 

There are six digits associated with the 
time display: units of seconds; tens of 
seconds; units of minutes; tens of minutes, 
units of hours and tens of hours. Since the 
l.e.d. pattern displayed has to also take into 
account the fact that the time has to be 
viewed while the pendulum is swinging, 
each digit has to be split into vertical 
segments. 

PIC-Tock has been designed so that 
the time is displayed when the pendulum 
swings from left-to-right. Consequently, 
the vertical segments of the digits must 
also be turned on and off in the same 
order. 

For the sake of simplicity in this design, 
the digits have been split into three verti- 
cal segments, each consisting of five l.e.d. 
bits, as illustrated by the ten digits repre- 
sented in Fig. 3. 

The l.e.d.s are turned on when the out- 
put port line is taken ‘‘low’’, shown as a 
zero (Q), and off when the line is “‘high’’, 
shown as a one (1). For clarity, the outline 
of each number is represented by the black 
trace line in the 15-bit block. 

Take digit zero (QO), for example. The 
left hand column of the digit consists of 
five Os, therefore the I.e.d.s show a vertical 
line when this format is output to them. 





Fig. 2. Complete circuit diagram for the PIC-Tock Pendulum Clock. Note that switch S3 is optional. 
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Fig. 3. Logic formatting sequence for producing the numerals zero to nine using five |.e.d.s. 


In the second column, only the top and 
bottom l.e.d.s are turned on for this out- 
put format. Column three is the same as 
column one, a vertical line. 

When these columns are triggered in 
sequence during the pendulum swing, 
because of “‘persistence of vision’’, the 
eyes respond as though they have simul- 
taneously seen a left hand vertical line, top 
and bottom horizontal lines and a right 
hand vertical line. In other words, the 
outline of a zero (QO) will be seen. 

Studying the other blocks in Fig. 3 
shows how the digits one to nine are 
similarly made up. For other applications, 
the bit patterns could be changed so that 
letters of the alphabet are displayed, al- 
though they would need to be a mixture of 
upper and lower case characters, and not 
all could be realistically generated using a 
3-bit by 5-bit pattern. 

When several digits are displayed con- 
secutively, the program inserts a blank be- 
tween them by momentarily turning off all 
the l.e.d.s. 


SYNCHRONISATION 


Obviously, the commencement of the 
time display sequence has to_ be 
synchronised to the pendulum swing. This 
is achieved: by using an infra-red (IR) 
emitter and sensor pair. The IR emitter, 
diode D6, is placed at a fixed point to the 
left of the pendulum’s vertical rest 
position. The sensor, TR1, is housed in the 
circuit box mounted at the end of the 
pendulum. 

When the pendulum is at rest, sensor 
TRI cannot detect the infra-red output 
from the emitter D6. However, when the 
pendulum is swinging, each time the sen- 
sor crosses the IR beam emitted from D6, 
a logic 0 (low) pulse is generated across 
resistor R9. 

Through port line RBO (ICI pin 6), 
software continually monitors the logic 
status at the junction of resistor R9 and 
collector (c) of transistor TR1. When a 
logic 0 pulse is detected, the l.e.d. display 
routine is started. 

Once triggered, the display routine trig- 
gers the l.e.d.s appropriately until all six 
clock digits have been displayed, at which 
point they are turned fully off until the 
next trigger pulse is received. Each l.e.d. 
pattern is turned on for 100th of a second, 
the whole sequence taking approximately 
0-2 seconds. 


L.E.D. SWINGING 


In operation, the pendulum is first 
pulled, by hand, beyond the left of the 
emitter diode D6 position. It is then 
released and the display sequence is 
triggered as soon as the swing takes the 
sensor left-to-right past the emitter diode 


D6. The sequence is displayed fast enough 
so that it is complete before the pendulum 
reaches the end of its swing. 

Now under control of gravity, the pen- 
dulum swings back, right-to-left, past D6 
towards its release position. It then again 
swings from left-to-right, once more trig- 
gering the display routine. The process is 
repeated for as long as the pendulum’s 
energy can take it back past the infra-red 
emitter. 

Each swing, of course, is shorter than 
the last, and so the display width is seen to 
shrink in size. Its height remains the same, 
though. Eventually, the swing becomes too 
short for the display to be triggered, and 
the pendulum gradually comes to rest. 

Unavoidably, each time the sensor 
passes the emitter on the return swing from 
right-to-left, the display sequence is again 
triggered, resulting in a_ flipped-over 
(backwards) view of the time. 

Early on in the design, attempts were 
made to write the software so that the dis- 
play would not be triggered on the return 
swing. The results proved to be unreliable, 
caused by the system’s uncertainty about 
the triggering phase when the pendulum’s 
energy only just managed to bring it within 
the vicinity of the emitter’s beam. 

Whilst the use of an additional sensor to 
detect swing direction could have overcome 
this problem, the extra complexity and cur- 
rent consumption was felt to be unjustified. 

Anyway, as PIC-Tock is a_ novelty 
clock, backwards viewing of the time can 
be regarded as part of the novelty! Indeed, 
by mounting the emitter diode D6 near the 
pendulum’s rest position, rather than well 
to one side, the effect can be set so that 
both viewing directions can be seen for 
similar lengths of time. 


ENERGY SAVING 


The ‘‘clock’’ may be powered from any 
d.c. power source, either regulated or from 
a battery, between 3V and 6V. In order to 
save power while it is not being viewed, 
two design features have been included, 
one software, the other mechanical. 

The software aspect causes the infra-red 
emitting diode, D6, to be turned on only 
very briefly at each 100th of second. At 
this time, output line RAO (IC1 pin 17) is 
taken high, switching on transistor TR2, 
which in turn switches on D6. The turn-on 
period is just slightly longer than the pulse 
width needed for the sensor TRI to satis- 
factorily respond to the infra-red beam. 

This technique cuts down the long-term 
power consumption by D6, to nearly one 
hundredth of that if it were constantly 
turned on. As limited by resistor R10, it 
draws around 30mA from a 5V supply. 

Secondly, an optional Standby switch, 
S3, has been included so that D6 can be 
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switched off for extended periods when 
the clock does not need to be viewed. 

With a supply of 5V, power consump- 
tion 1s approximately 1-7mA when all the 
l.e.d.s are turned off. When turned on, 
each I.e.d. draws about 25mA to 30mA. 


TIME SETTING 


Initial setting of the time is done by 
switches SI and S2. Once per second, 
software monitors port lines RB6 and 
RB7 (ICl pins 12 and 13). With the 
switches in the Off position, a logic 1 
(high) is present on both lines. If either 
switch is turned On, the corresponding 
port line goes low (logic Q). 

When this fact is detected, the relevant 
minutes or hours counter 1s incremented 
by one. When the hours counter reaches 
24, it resets to zero. The minutes counter 
resets to zero when it reaches 60. Each 
time the minutes are incremented, the 
seconds are reset to zero. 

While either counter is being incre- 
mented, the l.e.d.s are turned on and 
display the logic values of the counter’s 


COMPONENTS 


See 


000 ff 
eo TALK 


Page 


Resistors 


10k (3 off) 
100k 
All 0:25W 5% carbon film or better. 


Capacitors 
C1 22 radial elect., 16V 
C2,C3  15p polystyrene (2 off) 


Semiconductors 

D1 to D5 min. 3mm red |.e.d. (5 off) 

D6 GL380 infra-red emitter 
diode 

TR1 PTS380F infra-red receiver 
transistor 

TR2 BC549 npn transistor 

IC1 PIC16C84 EEPROM 
microcontroller (see text) 


Miscellaneous 
X1 3°2768MHz crystal 
S1 to S3 min. s.p.c.o. toggle switch 
(3 off) 

Printed circuit board, available from 
the EPE PCB Service, code 109; 18-pin 
d.i.l. socket; plastic circular box; 68mm 
diameter x 26mm deep (see text); 
diecast box, size 89mm x 34mm x 
26mm; materials for pendulum and 
support (See text and Fig. 5 to Fig. 7); 
connecting cable and wire; solder, etc. 


£19 


Approx Cost 
Guidance Only 


excl. hardware 
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first five bits, confirming that the count is 
being changed. The l.e.d.s remain on 
briefly after the controlling switch has 
been turned off. 

If both switches are on together, priority 
is given to the Hours switch S2, the 
Minutes switch S1 being ignored. 


TIMING ACCURACY 


In theory, the crystal X1 should oscil- 
late at its stated frequency, in this case 
3-2768MHz. In practice, it probably will 
not. 

This is due to several factors, such as 
the manufacturing tolerance, the load im- 
posed on it by ICI, the capacitance values 
of Cl and C2, and temperature. All of 
these factors can affect the accuracy of any 
real-time clock. 

The software has been written so that, 
with the exception of temperature, the dis- 
ruptive factors can be compensated for. 

At first, it had been assumed _ that 
by making either Cl or C2 a variable 
capacitor, the crystal frequency could be 
trimmed with fair precision. For reasons 
unknown, and despite experimenting with 
various component values and configura- 
tions, it was found that the inclusion of a 
variable capacitor could actually cause the 
oscillator to become unstable. Conse- 
quently, it was omitted from the final 
design and compensatory parameters were 
written into the software instead. 

These parameters involve periodically 
changing the primary count length from 
the basic value of 100, to a value above or 
below it, as appropriate. For example, to 
perhaps occasionally count to 99 or 101 
before incrementing the seconds count. 
This count change can be applied after so 
many seconds or minutes or hours, or at 
intervals involving all three. 

Whilst it would have been possible to 
add additional switches to set the compen- 
satory values while the clock was running, 
this would have severely increased the 
software complexity. It would have also 
required additional wires to be run up 
through the pendulum arm to the control 
box at its head. This could have proved 
difficult because of the restricted width of 
the pendulum tube. 

Consequently, a less-than-ideal com- 
promise has been adopted, which requires 
the microcontroller IC1 to be programmed 
twice. Once for an initial run of about 24 
hours, and then again with compensatory 
values having been written into the source 
code when the clock’s actual rate is 
known. 


Listing 2: 


Section of source code (label PUTCRT:) showing 
default and example correction timing values. 


DEFAULT CODES | 
CODE VAL/REG CODE 
movlw $64 moviw 
movwf  CLKCNT novwt 
CNIVAL novwf 
movilw 
movwf 
—movilw 
movwt 
movlw 
novwt 


movwf 
movlw $64 


movwf MINCRT 
movlw $64 
movwf HRSCRT 
movlw $64 
movwf  DAYCRT 
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CORRECTED CODES 
VAL/REG 


DAYCRT 


Listing 1: Correction Calculation Program 


10 REM PICCALC4 - PIC-TOCK PENDULUM CLOCK CALCS S0DEC99 

20 XTAL=3276800!:REM CHANGE THIS NUMBER FOR ANY FUTURE CORRECTION CALC 
30 CLS:LOCATE 4,1:PRINT"IS CLOCK RUNNING FAST OR SLOW [F/S]?” 

40 AS=INKEY$:IF A$<> f° AND A$<>'s” THEN GOTO 40 

50 IF A$="f" THEN AG: FAST’ :F=-L:ELSE A$= SLOW’ :F=1 

60 PRINT "BY HOW MANY SECONDS ";A$;" IN 24 HOURS”; : INPUT 8$:S=VAL(B$)*F 
70 1=60#60%24:B=S+T : E=B¥100/T:XTALERROR=XTAL- ((E#XTAL)/100) 

80 XTAL:XTAL+XTALERROR:CLK=XTAL/4:SCALE=CLK/32:RTCC=SCALE/256 

90 DIV=32768!:PRINT: PRINT "XTAL IS RUNNING AT";XTAL; "Hz 

100 PRINT"MAKE A NOTE OF THIS NUMBER IN CASE FURTHER CHANGE NEEDED” 
110 B=INT(XTAL/(DIV¥100) )*(DIV#100):C=(XTAL~B) /(DIV#100)4T 

120 SECERROR=XTAL: ERRORTOTAL=XTAL: DAYMULT=1004T : PRINT 

130 MULT=1:A$="EACH 1 SEC=":B$="1ST":C$="CLKCNT”:GOSUB 210 


140 CLKCNT=SECCORRECT 


150 MULT=60:A$= "EACH 1 MIN=":B$="2ND":C$="MINCRT :GOSUB 210 

160 MULT=60:A$="EACH 1 HR =":B$="3RD":C$= HRSCRT":GOSUB 210 

170 MULT=24:A$="EACH 1 DAY=":B$="4TH":C$="DAYCRT :GOSUB 210 

180 PRINT'XTAL PULSES YEAR ERROR” ;DAYERROR*365: PRINT 

190 PRINT"NOTE THE 4 ($..) NOS & SET SOURCE CODE FILE ACCORDINGLY’ 


200 PRINT: END 


210 SECERROR=ERRORTOTAL*MULT : SECCORRECT=INT (SECERROR/DIV) 

220 C=SECCORRECT#DIV: ERRORTOTAL=SECERROR-C :DAYMULT=DAYMULT /MULT 

230 DAYERROR=ERRORTOTAL*DAYMULT /DIV:HEXFACT=CLKCNT+SECCORRECT 

240 PRINT’ERROR AFTER "B$;" CORRECTION =";ERRORTOTAL; XTAL PULSES” 
250 PRINT “CORRECTION ";A$;SECCORRECT,, SET "C$" = $°;HEX$(HEXFACT) 


260 RETURN 


_ Regrettably, this technique means that 
only readers who have a_ suitable 
PIC16C84 programmer can build the time 
corrected PIC-Tock Pendulum Clock, 
since it is not practical to arrange a 
commercial double-programming source 
for the chip. However, the inexpensive 
Simple PIC16CS4 Programmer previously 
mentioned is ideal for the job and can be 
used by anyone having access to a 
PC-compatible computer. 


SOFTWARE 

The software source and object codes 
for the PIC-Tock Pendulum Clock are 
available on a 3-5in disk from the EPE 
Editorial offices for £2:50 (overseas 
£3-10 surface, £4-10 airmail). Prices 
include postage. Or download (free) from 
our Internet site: //ftp.epemag.wimborne. 
co.uk. 


CORRECTION 
CALCULATION 


To establish the correction factors 
needed, the program in Listing 1 should 
be used. It can be 
run from GW-Basic or 
QuickBasic. 

First, the 
microcontroller IC1 is 
programmed with the 
correction factors set to a 


default value already 
written into its source 
code. These _ factors 


assume that the oscillator 
is running at precisely 
3-2768MHz and that no 
correction is needed. 

The clock is now run 
for a reasonable period, 
say 24 hours, and the 
number of seconds that 
it has gained or lost 





during that time noted. If the period is not 
exactly 24 hours, calculate the number of 
seconds that would be gained or lost in 24 
hours. Decimal places are permitted. 

Run the Correction Calculation Pro- 
gram. It will ask whether a gain or loss has 
occurred and then ask for the number of 
seconds by which the clock is wrong. It 
then calculates correction values which 
will be actioned at the end of four strategic 
intervals: every second, every minute, 
every hour, and every 24 hours. 

The resultant values are shown in 
hexadecimal alongside the name of the 
program variable to which they relate. Note 
them down, then from the normal software 
used for writing text, substitute the values 
into the PIC-Tock source code (the section 
to look for has the label PUTCRT:) 

For example, the default values are: 


CLKCNT = $64, MINCRT = $64, 
HRSCRT = $64, DAYCRT = $64 


and the substitution values might be: 


CLKCNT = $64, MINCRT = $68, 
HRSCRT = $91, DAYCRT = $75 


The section of source code which needs 
changing is shown in Listing 2, in which 
the default and example substitution values 
are tabulated. 

Save the source code file, and then as- 
semble it into an object code file (OBJ) in 
the usual way. After which, reprogram the 
chip from this file data. 

Should the clock precision later be found 
to be still fractionally wrong, the process 
can be repeated. This can be done by adding 
the original and later error values together 
and calculating accordingly. 

Alternatively, when the first calculation is 
done, note the quoted crystal rate as calcu- 
lated and shown, then substitute its value in 
place of the original default crystal value 
(XTAL = 3276800!) in the Basic program. 
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Now just the latest clock seconds error (still 
over a 24 hour period) can be used to calcu- 
late the new correction factors. 


CONSTRUCTION 


Details of the printed circuit board 
(p.c.b.) topside component layouts and full 
size copper foil track masters are shown in 
Fig. 4. This board is available from the 
EPE PCB Service, code 109. 

Commence construction by using a 
small hacksaw to separate the board into 
its three sections: the main board; the 
infra-red sensor board and the unused 
section. If using the suggested box, trim 
off the corners of the main p.c.b. as 
indicated to allow it to fit inside the box. 
The four drilled holes at the corners of the 
p.c.b. are to ease mounting in other boxes. 


S2P S1P 


BLANK 
SECTION 
UNUSED 


R10 S3P 


Fig. 4. Printed circuit board component, 
layout and full size p.c.b. foil master. 
This board is cut to produce two p.c.b.s. 


Now assemble the main board. The 
l.e.d.s DI to DS are mounted on the track 
side and should be dealt with first. From the 
track side, push their leads into the holes as 
far as they can go, making sure that their 
polarities are correctly positioned. 

With a small-tipped soldering iron, care- 
fully solder them to their track pads. Just 
solder one side first, allowing them to be 
properly aligned before soldering the other 
side. Trim off the excess lead lengths, on 
the topside, very close to the board. 

Fit the i.c. socket, two small on-board 
link wires, resistors and capacitors C2 
and C3. Mount capacitor Cl (correctly 
polarised) and crystal X1 so that their 








Completed main printed circuit board showing the crystal and small radial 
electrolytic carefully mounted vertically over the other components. 


bodies lie flat across their neighbouring 
components, see photograph. Fit TR1 and 
TR2, again ensuring correct orientation. 

Finally, insert 1mm terminal pins for the 
off-board wires. Thoroughly check the as- 
sembly with a magnifying glass, look- 
ing especially for problematic soldering 
around the I.e.d.s and 1.c. socket pins. 

Now solder the infra-red emitting diode 
D6 to its small sub-board, lying it flat with 
the board. 


DISPLAY BOX 


For the prototype model, the p.c.b. 
mounted in a small circular plastic box 
which had previously contained a powerful 
‘*Gentleman’s Relish’’ anchovy paste! It is 
available in different sizes and the one 
chosen measures externally about 68mm 
maximum diameter and is about 26mm 
deep. 


Three holes are needed in its concave 
base; for sensor vision, cable entry and 
pendulum shaft mounting. The lid needs 
a central slot through which the 1.e.d.s 
protrude. The plastic is a bit brittle, so 
work on it with care. 

Because of the unusual concave interior 
of the box, it was decided not to attempt 
bolting the p.c.b. to it. Instead, a chunk of 
Blu-Tack was used to hold the p.c.b. 
place. 


PENDULUM ARM 


Look at the photographs of the pen- 
dulum assembly and then relate them to 
the schematic details shown in Fig. 5 to 
Fig. 8. 

The pendulum arm itself is made from 
an oval metal tube. Its actual measure- 
ments, given in Fig. 5, are not critical 
and anything similar could be used. The 





The Peapialede p.c. eb: mounted inside the circular case, using Blu. Taek showing 
the I.e.d.s soldered on the track-side. 
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original started life as part of a Harrison 
Drape Net Curtain Track, intended for a 
window width of 0-61m to 1-02m (24in to 
40in) — curtaining shops stock them. Just 
its outer slider was used, with the plastic 
end plug removed. 

Holes were drilled in the tube, suitable 
for mounting-shaft insertion at the top, 
cable exit towards the bottom, and a 
nearby display-box mounting hole. Before 
drilling the latter, though, it is suggested 
that the box is temporarily stuck to the 
shaft with Blu-Tack until the preferred 
position is found, this being a matter of 
taste. 

For added weight, in order to give 
greater swing momentum, a pyramidical 
woodworking hole enlarger was pushed 
into the bottom end of the pendulum shaft. 
Other weights could be substituted, if a 
suitable fixing method can be devised. 


PIVOT PARTS 


Mechanics are not the author’s best 
subject! As usual, these have been done 
according to what spare bits there are 
around the house and which can _ be 
successfully bodged! Again, as_ usual, 
plumbing materials and electronic parts 
have been conscripted into action (both are 
in plentiful supply at Chez B... ), for the 
pendulum’s pivot and mounting support. 

Details of the pivot assembly are shown 
in Fig. 6. The pivot shaft, which passes 


SENSOR 
VIEWING 
HOLE 


500 
APPROX 





OVERALL POT SHAFT LENGTH 


=) 


CASE INNER WIDTH 


aa 


SCREWED BUSH/FLANGE OF POT 
PENDULUM 








SPACING NUT 
OR WASHER 


NUT 


WASHER 
MOLDED END 
OF POT SHAFT 
SIDE OF CASE 
POT 
SHAFT 


i Geen | 


SGREWED BUSH/FLANGE OF POT 


END OF T-JUNCTION 









NUT 


WASHER 


SIDE OF CASE 


SCREWED BUSHES REMOVED 
ROM KNOBS 


SUPPORTING 22mm PIPE 


PENDULUM CLAMPED TO POT SHAFT BY KNOB BUSHES 
POT SHAFT ROTATES IN POT BUSHES 





ALL DIMENSIONS IN mm 





Fig. 6. Pendulum pivot head assembly and dimensions. 
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Fig. 5. Pendulum arm assembly and dimensions. 
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through the top of the pendulum arm, is 
the plastic shaft removed from a mono 
potentiometer (any value will do!). 

The flanged bushes, nuts and washers 
were also taken from pot assemblies. The 
screwed brass bushes were cut out from 
two spare plastic rotary knobs. 

These parts were assembled inside a 
small, suitably drilled, diecast metal box, 
taking care that the arrangement swung 
smoothly from side to side, but with mini- 
mal sloppiness fore and aft. If better parts 
can be found in a local model shop, use 
them. 

Inconveniently, the diecast box had 
slightly sloping sides. This required the 
use of thin wooden wedges (not shown in 
Fig. 6) between the rear side and _ the 
plastic plumbing T-tube to which the box 
was bolted. The wedges were cut so that 
the pendulum arm and its shaft were 
satisfactorily positioned vertically to en- 
sure a swing with least friction (they were 
vandalised from clothes pegs!). 


SUPPORTING 
STRUCTURE 


As shown in Fig. 7, the pendulum sup- 
port structure is principally constructed 
from 22mm diameter plumbing pipe. Since 
the structure is only used to support the 
pendulum pivot mechanism at the top, 
plus the mount for infra-red l.e.d. D6, 
alternative techniques could be used. For 
example, the pivot box could be bolted 
directly to a wall, as could D6. 

In the illustrated method, the pivot box 
is bolted to a plumbing T-junction, into 
which the vertical pipe is pushed. The lat- 
ter is then fixed to a wall using ordinary 
pipe clips. The same type of clip is used in 
connection with mounting diode D6. 

Two mounting positions for the infra- 
red l.e.d. D6 are shown in Fig. 7. The 
preference is for the position on the end of 
the horizontal shaft. This places emphasis 
on viewing the time in the normal direc- 
tion and provides an amount of uniformity 
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in the width of the display to either side of 
the central position. Be aware, though, this 
relationship varies as the pendulum swing 
arc shortens. 

The second position, with D6 near the 
central column, allows the time to be read 
in both swing directions, with it being 
displayed ‘‘backwards’’ on the return to 
the left beyond the centre. Be aware here 
that the apparent width of the digits will 
be greater near the central column than 
towards the end of the swing. This hap- 
pens because the pendulum is slowing 
down as it nears the end of its arc. 

All plumbing parts for the pendulum 
support may be copper or plastic. A mix- 
ture of both was used in the prototype 
since they were already owned. 


Prototype pendulum pivot head case (right) and infra- 


red emitter support arm (below). 
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WIRING-UP 


As well as holding the pivot mechanism, 
the pivot box also holds the three switches, 
S1 to S3. In Fig. 8 are shown the wiring 
details for these, plus the positions of the 
holes through which cables can be passed. 

Four wires are needed to connect the 
p.c.b. to the switches, and two for the IR 
l.e.d. In the prototype, a four-way cable 
was used, for the main p.c.b. These were 
fed (patiently!) through the pendulum tube 
from the top, fishing them out through the 
lower hole using a thin screwdriver and 
fine pliers. Having soldered the wires to 
their p.c.b. points, the cables were then 
slightly pulled back up through the tube to 
shorten the slack at the p.c.b. end. 

At the top, sufficient length should be 
allowed so that the rigidity of the wiring 
does not impose restrictions on the pen- 
dulum’s ability to swing freely. From the 
top, a two-way cable was fed down the 
main supporting tube, from where suffi- 
cient length was allowed to connect it to 
an existing 5V power supply. 

Another two-way cable was used to 
connect up D6, the IR lI.e.d. It is suggested 
that, initially, this cable is draped down the 
tube externally. Once the final position for 
D6 is known, the cable can then be passed 
down the main tube and out to D6 via a 
suitably placed hole. 


SWING TIME 


When the assembly and mounting are 
complete, the PIC16C84 microcontroller 
can be programmed in the usual way. If 
the chip has not been programmed before, 
it must first be configured to match its 
application. This procedure is described 
in the Simple PICI6C84 Programmer ar- 
ticle previously mentioned. Program the 
configuration for XT Crystal, Watchdog 
Timer off, Power-on Reset on. 

Once the microcontroller IC1 has been 
fully programmed, insert it into its socket 
on the PIC-Tock p.c.b. Take normal static- 
preventive precautions when doing so. 

Switch off Sl and S2 (Minutes and 
Hours), and switch on S3 (IR l.e.d. D6). 
With the pendulum stationary, watch the 
five display l.e.d.s and switch on the 
power. All five should flash for a couple of 
seconds and then turn off. 

Pull the pendulum to the left until TR1 
sensor, within the round case, has_ its 


EXPLODED VIEW OF INTERIOR PENDULUM HEAD BOX 
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Fig. 8. Switch mounting and wiring details for the pendulum head box. 


viewing hole opposite D6, adjusting the 
latter’s position if necessary. By hand, 
move the pendulum slowly back and forth 
past D6. On each pass, the display l.e.d.s 
should flash briefly, the display sequence 
having been triggered. 

Dim the room lighting to almost nil, just 
sufficient to make out where the pendulum 
is. While standing back at arm’s length, 
pull the pendulum left beyond the D6. 
Gaze with eyes slightly unfocussed on the 
central column at about the point where 
the display will swing past. Release the 
pendulum. 

When the pendulum passes D6, the 
display sequence should be seen as 
a string of six digits. Those towards 
the right should show the minutes and 
seconds that have elapsed since the power 
was switched on. The hours will probably 
show zero. 

On the first few swings, however, it is 
probable that no digits will be discerned, 
just a vertical line of flashing l.e.d.s. It 
takes a bit of experience to look properly 
at the display to see its numbers. 

Eyes. try to follow the pendulum as it 
swings and so the effect is lost. Try to 
concentrate on the central position of the 
swing so that the l.e.d.s move past your 
eyes without being followed. 

It is a technique that needs practice. In 
some ways, it’s rather like seeing those 
fascinating 3D images that are hidden 
within obscure patterns, except that the 
pendulum is easier! Keep on swinging 
until you get the knack! 


TIME SWITCH 


To set the actual hours and minutes 
time, swing the pendulum and switch on 
S1, the Minutes switch. Keeping the pen- 
dulum swinging, leave SI switched on 
until the minutes display corresponds with 
the actual minutes time established from 
another clock. Switch off Sl immediately 
that value is reached. 


Switch on S2 (Hours), and similarly cor- 
rect the hours display. Immediately switch 
it off once the right value is reached. 

It is also possible to set the clock 
without swinging the pendulum, switching 
on the relevant correction switch for the 
same number of seconds as the known 
difference value. This can be an accurate 
technique since the microcontroller’s 
counter incrementation rate is one Hertz 
when S1 or S2 are switched on. 

Additionally, the unswinging display 
l.e.d.s can be watched while a correction 
switch is turned on. The display changes 
each second and shows the first five binary 
bits of the appropriate counter register. 

When setting the clock time, remember 
that when minutes are being corrected, the 
seconds count 1s automatically held at zero 
while the switch is turned on. 

When the clock has been running for 
about 24 hours, any corrections to its rate 
can be made via the software, as described 
earlier. 

So, there you are — a novelty clock to 
keep you and your friends entertained. 
Have a swinging time! 
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Constructional Project 


DRAUGHT 
DETECTOR 





TERRY de VAUX:BALBIRME 


Sniff out those unwanted 
Araughts with this 
money-saving project. 


OST people now realize the impor- 

tance of providing efficient insula- 

tion in their homes. However, the 
simpler expedient of eliminating draughts 
is often overlooked and this can represent 
a considerable waste of energy. 

Once sources of draughts have been 
found, they may be sealed at very little 
cost using materials obtained from any 
DIY store. 


TRICKY SITUATIONS 


The project presented here is a self- 
contained unit which helps to locate 
draughts around the home. In use, the 
Draught Detector is moved slowly around 
likely places such as the edges of window 
frames and doors. When the sensor detects 
a draught, a buzzer sounds. 

This is more effective than checking 
with the hand and is easier to use in 
awkward situations. The unit may even be 
attached to a long cane so there is no need 
to crawl around on the floor or to stand on 
a chair to reach out-of-the-way places. 

The maximum sensitivity can be judged 
from the fact that the prototype unit is 





triggered by blowing at the sensor at a 
distance of about one metre (3ft approx.). 
For this reason, resourceful readers are cer- 
tain to find alternative uses for this circuit. 


RESISTANCE / Q 


50 





key components are R2 and R4 — these 
form a pair of identical positive tempera- 
ture coefficient (p.t.c.) thermistors. The 
working substance in a p.t.c. thermistor is 
a mixture of barium, lead and strontium 
titanates. 

It is essential to use this particular type 
of thermistor (see Shop Talk), the more 
common negative (n.t.c.) variety would 
not be suitable here. Whereas the latter 
type reduces its resistance with increasing 


60 


TEMPERATURE / °C 





Fig. 2. Graph showing the rising resistance with an increasing temperature. 


CIRCUIT DESCRIPTION 


The complete circuit diagram for the 
Draught Detector is shown in Fig. 1. The 


Fig. 1. Complete circuit diagram for the Draught Detector. 
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temperature, the positive temperature coef- 
ficient one shows a rising resistance. 

The specified thermistors have a 
resistance of around 100 ohms _ at 
temperatures below 60°C. Above this, the 
resistance rises sharply and at 100°C 
reaches 100 kilohms — a_thousandfold 
increase (see Fig. 2). The temperature at 
which the resistance becomes about one 
kilohm (1kQ)) (in this case, 80°C) is called 
the threshold or critical temperature. 

With switch S1 on, current flows from 
the nominal 18V supply consisting of two 
9V batteries connected in series to the 
rest of the circuit. The thermistors R2 and 
R4 are included in a pair of potential 
dividers. 

The first comprises fixed resistor R1 in 
the upper arm and thermistor R2 in the 
lower one. The second consists of poten- 
tiometer VRI, connected in series with 
fixed resistor R3, in the upper arm and 
thermistor R4 in the lower one. 

With room temperature below 60°C, the 
current in the thermistors will be 150mA 
approximately and_ sufficient for them 
to self heat. They will then approach 
the threshold temperature within a few 
seconds. 
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However, the rapidly rising resistance 
causes the current to fall and there will be 
a reduced heating effect. The temperature 
of the thermistors will therefore stabilize 
when the energy supplied equals the heat 
emitted from the surface. This will happen 
when the temperature reaches about 
75°C, corresponding to a resistance 
of some 500 ohms. 


DETECTION 


In the absence of a draught, each ther- 
mistor will be surrounded by a blanket of 
warm air. However, thermistor R4 is ar- 


ranged so as not to receive any draught | 


impinging on the detector R2. 

When a draught is detected, the warm 
air around R2 is disturbed and this ther- 
mistor is cooled slightly. This results in a 
lower resistance and hence a falling volt- 
age being developed across it. It is this 
voltage change which operates the circuit. 

Operational amplifier [C1 is configured 
as a voltage comparator. When the voltage 
applied to its non-inverting (+) input, pin 
3, exceeds that at the inverting (—) one, 
pin 2, the output (pin 6) is high. In other 
cases it is Jow. The voltage across R2 is 
applied to pin 2 while that across R4 is 
applied to pin 3... 


WELL BALANCED 


In use VR1 (Balance control) 1s adjusted 
so that, with no draught present, the volt- 
age at pin 3 will lie a little below that at 
pin 2. The op.amp will therefore be off and 
hence transistor TR1 will be off also. With 
no collector (c) current flowing, the buzzer 
WD! will remain silent. 

When a draught is detected by R2, the 
voltage at pin 2 will fall below that at pin 3 
and the op.amp will switch on. This on 
state will operate the transistor, with base 
(b) current entering via resistor R6 and 
WDI1 sounds. 

Using a pair of thermistors in a balanced 
circuit like this makes it reasonably im- 
mune from deviations in the operating 
point caused by changes in ambient tem- 
perature. It also prevents problems when 
the device is moved during the course 
of use since this will inevitably cause a 
draught. 

Any such changes will have an equal 
effect on both thermistors and the voltages 
applied to the op.amp inputs will rise or 
fall in sympathy. The relative status of the 
inputs — in theory anyway — will therefore 
depend only on the cooling effect of R2 
caused by draughts impinging on it. 

Small changes in supply voltage due to 
the batteries ageing will have no effect 
since, again, the relative state of the inputs 
will remain unchanged. Of course, when 
the batteries run down to the point where 
they cannot maintain sufficient heating ef- 
fect in the thermistors they will need to be 
replaced. 


NICE AND WARM 


Resistor R5 applies a little positive feed- 
back to IC1. This helps to provide a sharp 
switching action. Thus, at the point where 
the device switches on, thermistor R2 will 
need to warm up a little more for it to go 
off again. | 

This causes the buzzer to begin sound- 
ing sharply instead of with a ‘“‘chirp’’ as 
might otherwise happen. The value stated 















Completed 
unit showing, nylon 
p.c.b. mounting bolts, 
power on /.e.d. and “sound 
hole for the buzzer. 


worked well although its value could be 
the subject of experiment. 

If, when the circuit is triggered, the 
buzzer fails to go off again this could be 
because the resistance of R5 is too low. 
The value could be raised or the circuit 
tried with the resistor removed altogether. 
Light emitting diode DI indicates the 
switched-on state with resistor R8 limiting 
the current to a safe working value. “ 

The circuit needs a power supply of 


-between about 14V and 18V. In the 


prototype, this was provided by two 9V 
alkaline PP3 batteries housed inside the 
case. These will give very good service in 
occasional use. 

At the instant of switching on, there is a 
current surge of about 300mA. However, 
this falls rapidly and stabilises at only 
50mA or so. 


CONSTRUCTION 


Construction of the Draught Detector 
project is based on a single-sided printed 
circuit board (p.c.b.) and the topside (com- 
ponent view) is shown in Fig. 3, together 
with the underside copper foil master. This 
board is available from the EPE PCB 
Service, code 112. 


Begin by drilling the three mounting 
holes. Mount the 1.c. socket and resistors. 
Follow with the electrolytic capacitor, 
transistor, buzzer and l.e.d. (taking care 
over the polarity of these latter com- 
ponents). The l.e.d. should be mounted 
using most of the length of its end leads so 
that its tip stands 18mm above the p.c.b. 

Solder pieces of stranded connecting 
wire to the points labelled *‘VR1’’ and 
**S1°’. Connect the negative wire of one of 
the battery snap connectors to the point 
marked ‘‘Batt (—)’’. 

Next, shorten the thermistor end leads — 
R2 to a length of about 8cm and R4 to 
6cm. Solder them to the positions shown 
on the circuit board. Insert IC1 in its 
holder, observing the orientation. 


CASE DETAILS 


Drill three holes in one side of the box 
to correspond with the mounting holes in 
the p.c.b. Make holes for On/Off switch S1 
and potentiometer VR1 in an end panel. 

Drill a hole in the opposite end panel of 
the box for the sleeved grommet through 





Fig. 3. Draught Detector printed circuit board component layout and full size 


underside copper foil master pattern. 
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Layout of components inside the Detector case. The two sensor thermistors can 
be seen on the right, with the draught “detector” R2 protruding through the sleeved 
exit grommet. The “balance” thermistor is carefully bent away from the detector as 


shown. 


which thermistor R2 leads pass (see photo- 
graphs). This grommet is not essential but 
it improves the appearance of the finished 
project and provides some protection. Drill 
a smaller hole nearby for thermistor R4 
leads. 

Measure the position of l.e.d. D1 and 
drill a hole in the side so that, when the 
circuit board is in position, the l.e.d. will 
protrude through it. Similarly, on the same 
side panel, measure the position of buzzer 
WDI1 and drill a hole for the sound to pass 
through. 

Mount the internal components. Note 
that the potentiometer specified for VR1 
needs no control knob and may be adjusted 
using its knurled extension. However, it is 
of a standard size so a knob may be fitted 
if desired. 


INTERWIRING 


Mount the printed circuit board using 
15mm long plastic stand-off insulators and 
nylon fixings. If metal nuts and bolts are 
used, take care that no short circuits are 
formed with the board copper tracks. 

Referring to Fig. 4, complete the 
point-to-point wiring. Take care over the 
connections to the battery connectors — 
these are wired in series. The common 


CIRCUIT PANEL 


Fig. 4. Details of the interwiring trom the Draught Detector printed circuit board to 


the off-board components. 
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bbebeetasseestsssesazss4444: 


connection should be insulated using p.v.c. 
tape or a piece of heat shrinkable sleeving. 

The exact method of arranging the 
thermistors could be a_ useful subject 
for experiment. However, the following 
guidelines will be found useful. 

Random air movements such as those 
caused by moving the unit from place to 
place should equally affect both thermis- 
tors. This means that R4 should be fairly 
close to R2. 

It is important that the draught to be 
detected falls only on thermistor R2. 
Note that R2 should protrude through the 
sleeved rubber grommet sufficiently for 
the sensitive blue spot to show. 

In the prototype unit, R4 leads were 
bent out of the way as shown in the 
photograph above. The sensitive parts of 
the thermistors must not touch the box, the 
grommet or anything else since this would 
disturb the self-heating effect and cause 
unreliable operation. 


TESTING 


With switch S1 in the off position, at- 
tach the battery connectors and secure the 
batteries to the base of the box using 
Velcro fixing pads or small brackets. Fit 
the lid. 


INSULATE 
USING 
SLEAVING 





COMPONENTS 





See 
Resistors TALK 
R1 220 Page 
R2, R4 disc thermistor, positive 


temperature coefficient 
80°C @ 1k (2 off) 


R3 100 

R5 47k 

R6 22k 

R7,R8 2k2 (2 off) 
All 0-25W 5% carbon film 
Potentiometer 

VR1 20Q wirewound vol. control 
Capacitor 

C1 100. radial elect. 25V 
Semiconductors 

D1 3mm red |.e.d. 

TR1 ZTX300 npn silicon 

transistor 
IC1 LM741CN op.amp 


Miscellaneous 
WD1 piezo buzzer, p.c.b. 
mounting, 3V to 24V 5mA 
operation 


Bi,B2  PP93 alkaline battery and 
snap connector (2 off 
each) 

S1 miniature s.p.s.t. rocker 
switch 


Printed circuit board available from 
EPE PCB Service, code 112; plastic 
box, size 125mm x 7Omm x 49mm; 
8-pin d.i.l. socket; p.c.b. spacer (3 off); 
sleeve exit grommet; knob (if needed); 


sleeving; wire, solder, etc. 
uidance Only £2 O 


excluding batts. 


Approx Cost 





Adjust Balanced control VRI_ fully 
clockwise and switch on. The l.e.d. D1 
should light and the buzzer remain off. If 
the buzzer sounds, it is likely that the outer 
(track) connections to VRI have been 
made in the opposite sense so turn the 
spindle completely anti-clockwise instead. 

Wait for at least 30 seconds to allow the 
thermistors to thermally-stabilise. Rotate 
Balance control VR1 slowly to the point 
where the buzzer sounds then take it back 
so that it is just silenced. This is the most 
sensitive position. 

Now blow very gently on thermistor R2 
(it may be necessary to shield R4 from 
the draught using a piece of paper) — the 
buzzer should sound and go off again a 
few seconds later. If this test works satis- 
factorily the unit may be put into service. 

In use, VR1 should be kept adjusted to 
give the sensitivity required. If it is set too 
finely, once triggered the buzzer WD1 will 
sound for a long time or even fail to go off 
altogether. 

Another consequence is that triggering 
is likely to occur with random draughts. A 
little practice will soon find the optimum 
setting. 

When a_ harsh draught has _ been 
detected, it will take some time for the unit 
to recover and be ready to detect another. 
When there is a general lack of sensitivity 
and an excessive recovery time, this is a 
sign that the batteries need to be replaced. 

Happy sniffing! [| 
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VIDEOS ON 
ELECTRONICS 


A range of videos designed to provide instruction on 
electronics theory. Each video gives a sound introduction 
and grounding in a specialised area of the subject. The 
tapes make learning both easier and more enjoyable than 
pure textbook or magazine study. They have proved par- 
ticularly useful in schools, colleges, training departments 
and electronics clubs as well as to general hobbyists and 
those following distance learning courses etc. 


BASICS 
VT201 to VT206 is a basic electronics 
course and is designed to be used as a 
complete series, if required. 


VT201 54 minutes. Part One; D.C. Circuits. This 
video is an absolute must for the beginner. 
Series circuits, parallel circuits, Ohms law, 
how to use the digital multimeter and much 
more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. This 
is your next step in understanding the basics of 
electronics. You will learn about how coils, 
transformers, capacitors, etc are used in com- 
mon circuits. ‘Order Code VT202 
VT203 57 minutes. Part Three; Semiconductors. 
Gives you an exciting look into the world 
of semiconductors. With basic semiconduc- 
tor theory. Plus 15 different semiconductor 
devices explained. Order Code VT203 





VT204 56 minutes. Part Four; Power Supplies. 
Guides you step-by-step through different sec- 
tions of a power supply. Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. Shows 
you how amplifiers work as you have never 
seen them before. Class A, class B, class C, 
op.amps. etc. Order Code VT205 
VT206 54 minutes. Part Six; Oscillators. Oscil- 
lators are found in both linear and digital cir- 
cuits. Gives a good basic background in oscil- 
lator circuits. Order Code VT206 


£34-95... 


inc. VAT & postage 


Order 8 or more get one extra FREE 
Order 16 get two extra FREE 








VCR MAINTENANCE 
VT102 84 minutes: Introduction to VCR 
Repair. Warning, not for the beginner. 
Through the use of block diagrams this 
video will take you through the various 
circuits found in the NTSC VHS system. 
You will follow the signal from the input 
to the audio/video heads then from the 
heads back to the output. 

Order Code VT102 
VT103 35 minutes: A step-by-step easy to 
follow procedure for professionally clean- 
ing the tape path and replacing many of 
the belts in most VHS VCR’s. The viewer 
will also become familiar with the various 
parts found in the tape path. 

Order Code VT103 





DIGITAL 


Now for the digital series of six videos. 
This series is designed to provide a 
good grounding in digital and computer 
technology. 


VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven 
of the most common gates which are used 
in almost every digital circuit, plus Binary 
notation. Order Code VT301 
VT302 55 minutes. Digital Two; Flip Flops will 
further enhance your knowledge of digi- 
tal basics. You will learn about Octal 
and Hexadecimal notation groups, flip-flops, 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three; Registers and 
Displays is your next step in obtaining a solid 
understanding of the basic circuits found in 
today’s digital designs. Gets into multiplexers, 
registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and ADC 
shows you how the computer is able to com- 
municate with the real world. You will learn 
about digital-to-analogue and analogue-to-digi- 
tal converter circuits. Order Code VT304 
VT305 56 minutes. Digital Five; Memory Devices 
introduces you to the technology used in many 
of today’s memory devices. You will learn all 
about ROM devices and then proceed into 
PROM, EPROM, EEPROM, SRAM, DRAM, and 
MBM devices. Order Code VT305 
VT306 56 minutes. Digital Six; The CPU gives 
you a thorough understanding in the basics of 
the central processing unit and the input/output 
circuits used to make the system work. 


Order Code VT306 


ORDERING: Price includes postage to anywhere in the world. 
OVERSEAS ORDERS: We use the VAT portion of the price to pay for 


airmail postage and packing, wherever you live in the world. Just send 
£34.95 per tape. All payments in £ sterling only (send cheque or money 
order drawn on a UK bank). 
Visa and Mastercard orders accepted — please give card number, card expiry date and 
cardholder’s address if different from the delivery address. 
Orders are normally sent within seven days but please allow a maximum of 28 days - 
longer for overseas orders. 


Send your order to: Direct Book Service, 33 Gravel Hill, Merley, 
Wimborne, Dorset BH21 1RW (Mail Order Only) 
Direct Book Service is a division of Wimborne Publishing Ltd., 
Tel: 01202 881749. Fax: 01202 841692 


E-mail: editorial@epemag.wimborne.co.uk 
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RADIO 
VT401 61 minutes. A.M. Radio Theory. The most 
complete video ever produced on a.m. radio. 
Begins with the basics of a.m. transmission and 
proceeds to the five major stages of a.m. recep- 
tion. Learn how the signal is detected, converted 
and reproduced. Also covers the Motorola C- 
QUAM a.m. stereo system. Order Code VT401 
VT402 58 minutes. EM. Radio Part 1. FM. basics 
including the functional blocks of a receiver. 
Plus r.f. amplifier, mixer oscillator, i.f. amplifier, 


limiter and f.m. decoder stages of a typical f.m. 
receiver. Order Code VT402 





VT403 58 minutes. EM. Radio Part 2. A con- 
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, proceeds 
to the 19kHz amplifier, frequency doubler, 
stereo demultiplexer and audio amplifier stages. 
Also covers RDS digital data encoding and 
decoding. Order Code VT403 


MISCELLANEOUS 

VT501 58 minutes. Fibre Optics. From the fun- 
damentals of fibre optic technology through 
cable manufacture to connectors, transmitters 
and receivers. Order Code VT501 
VT502 57 minutes. Laser Technology A basic in- 
troduction covering some of the common uses of 
laser devices, plus the operation of the Ruby 
Rod laser, HeNe laser, COg gas laser and semi- 
conductor laser devices. Also covers the basics 
of CD and bar code scanning. 


Order Code VT502 





Each video uses a mixture of animated 
current flow in circuits plus text, plus 
cartoon instruction etc., and a very full 
commentary to get the points across. The 
tapes are imported by us and originate 
from VCR Educational Products Co, an 
American supplier. (All videos are to the 
UK PAL standard on VHS tapes) 
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Our regular round-up of readers’ own circuits. We pay between £10 and £50 
for all material published, depending on length and technical merit. We’re 
looking for novel applications and circuit tips, not simply mechanical or 
electrical ideas. Ideas must be the reader’s own work and not have been 
published or submitted for publication elsewhere. The circuits shown 
have NOT been proven by us. /ngenuity Unlimited is open to ALL abilities, 
but items for consideration in this column should preferably be typed or 
word-processed, with a brief circuit description showing all relevant 
component values. Please draw all circuit schematics as clearly as possible. 


Send your circuit ideas to: Alan Winstanley, /ngenuity Unlimited, Wimborne 
Publishing Ltd., Allen House, East Borough, Wimborne, Dorset BH21 1PF. 
They could earn you some real cash! 


Attack/Decay Ramp Generator - for enveloping sound) 


[ the circuit diagram of Fig. 1 , a digital-to- 
analogue converter (DAC) i.c. is used to 
create an envelope waveform, the attack and 
decay of which are controllable. Typical ap- 
plications may include audio and music syn- 
thesiser circuitry. 

Its operation is as follows. ICla and 
IC1b form two variable-frequency oscillators, 


whose outputs are fed to IC2. This is 
configured as a demultiplexer, addressed by a 
signal appearing on pin 11. The signal from 
ICla or IC1b appears at the output, pin 3. 
Initially pin 11 of IC2 will be “‘high’’ and 
so ICla will be selected and fed through 
resistor R1 to IC4, a binary counter which is 
cascaded to IC6. In total, this results in an 


VReEF 


C3 
ZN429E 


4 3 2 1 


QO Q1 Q2 QB tVovo 


IC4 


CK1 
4013 


CK2 
Q2 R1 S1 Vss S2 c 


8-bit binary count (0 to 255) appearing at the 
counters’ outputs. The speed of the count is 
adjustable with VR1. 

The counter output is fed directly to IC3, 
a ZN429E digital-to-analogue converter. The 
ramp voltage appears at pin 4 of IC3, and 
will always be between OV and 4V. 

When the counter reaches its terminal 


8 7 6 5 
10} 11] 12 

GAIN 
DE 


Q0 Q1 Q2 Q3) t+Voc 


IC6 
4516 


E Cl R C/ 
kik 
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Fig. 1. Circuit diagram for the Attack/Decay Ramp Generator. 
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count of 255, pin 7 of IC6 (Carry Out) will 
go ‘“‘low’’. This signal is inverted by [Clc 
and used as a clock pulse to IC5, a 4013 
D-type flip-flop. The output at pin | of IC5 
now goes low, so that a logic O is placed on 
pin 11 of IC2 plus pin 10 (Up/ Down) of both 
counter 1.C.s. 

Oscillator IClb is now fed through the 
demultiplexer to the counters, which now 
count down from 255. The output voltage 
from IC3 will now fall at a rate determined 
by the setting of VR2. As the count passes 
zero and rolls back to 255, a pulse again 
appears at pin 7 of IC6, and the cycle con- 
tinues. 

At any time the switch S1 (debounced by 
C3, R3) can be momentarily activated. This 
causes a high output at pin 13 of ICS which 
drives transistor TR1, shunting the clock sig- 
nal to the counters. This will ‘‘freeze’’ the 
count at that point. A second operation of S1 
re-starts the count from where it left off. 

A buffer/amplifier formed by IC8 (one half 
of an LM358N) allows the output voltage of 
the DAC (IC3) to be increased or d.c. 
level-shifted. This may make it more suitable 
for driving other circuits. Indeed, by using an 
electronic attenuator (e.g. MC3340P), an 
elegant signal envelope generator can be 
realised, allowing fully adjustable attack and 
decay. 

Readers should note that it is usual to fix 
the reference pin (pin 5 of IC3) at 2-55V, so 
that its output voltage is directly proportional 
to the digital input. Experimenters should 
bear this in mind should a maximum output 
voltage of less than 4V be required. 

Martin Campbell, 
Bradford, 
West Yorkshire. 





Intruder Deluder 
- exact revenge! 


Bes CUNNING circuit diagram for an In- 
truder Deluder of Fig. 2 was influenced 
by an increasing crime rate in South Africa. It 
fools any intruders into believing that they 
have just been detected by a sophisticated 
alarm system. 

The circuit triggers a pulsed-tone alarm 
when anyone passes by, and several of these 
units may be littered around premises to 
give burglars the impression that they are 
being monitored! It is guaranteed to drive 
any burglar bananas. 

Two photodiodes, D1 and D2, are used as 





Basic Mains Supply Monitor 
- signals black-outs 


ACROSS 
SUPPLY 


TO BE 
MONITORED 


LOW VOLTAGE LINK 
(BELL WIRE ETC.) 





Fig. 3. Circuit diagram for a simple Mains Supply Monitor. 


EING an enthusiastic greenhouse owner, I 

have a mains power supply which is 
protected via an earth-leakage circuit breaker 
(ELCB) or residual current device (RCD). 
Occasionally, I experience nuisance ‘‘trip- 
ping’’ which in winter time can lead to loss 
of plant stock when the heating fails. Hence 
I designed the simple circuit of Fig. 3 to 
warn me that the mains supply has been 
interrupted. 

The mains supply is monitored by Tl, a 
low voltage step-down transformer and a 
standard full-wave power supply is used on 
the secondary winding to illuminate I.e.d. DS, 
also operate the relay RLA and charge a large 
value electrolytic capacitor C2. 

The capacitor was a junk-box item of 
enormous capacitance. The relay has normally- 


closed (n.c.) contacts, RLA1, which remain 
open whilst mains power is present through 
transformer T1 and allows the output from the 
bridge rectifier to power the relay coil. 

Mains power failure causes the relay to 
drop out and the normally-closed contacts 
will now connect the piezo buzzer across 
capacitor C2. The ‘‘stored’’ voltage across 
C2 is enough to sound the buzzer for several 
minutes. 

The relay contacts could alternatively be 
used to drive an isolated circuit such as a 
buzzer and battery. The circuit might also ap- 
peal to tropical fish-keepers or possibly deep- 
freezer owners. 

I.M. Tasker, 
Skillington, 
Grantham, Lincs. 


shown to ensure sensitivity over a very wide 
range of lighting conditions, though the cir- 
cuit will be less effective in diffuse light. IC] 
is connected as a differential amplifier. 

As the voltage at point *‘A’’ swings high 
the response at pin 2 of ICI is slowed by 
capacitor Cl, and the voltage swings high 
at the output (pin 6). Capacitor C3 charges 
up and transistor TR1 level-shifts the signal 
to enable the oscillator section formed from 
IC2, a quad NAND Schmitt. The piezo disc 
X1 (not a self-contained bleeper sounder — 
A.W.) will pulse accordingly. C3 determines 


Fig. 2. Intruder De/luder circuit diagram. 
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the duration of the pulsed tone, and resistor 
R8 determines the pitch. 

Photodiodes DI and D2 should’ be 
mounted a small distance apart for best 
effect. The circuit draws a mere 0:5mA for 
long periods. In order to exact further 
revenge on errant intruders, it may be worth 
experimenting with super bright l.e.d.s in 
place of the piezo, to give the impression of a 
P.I.R. detector in action. 

Rev. Thomas Scarborough, 
Fresnaye, Cape Town, 
South Africa. 


x1 
PIEZO — 
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‘‘Custom Ferrari’”’ 
— {for boy racers} 


[ order to add some realism to a model 
sports car, I designed the simple circuit of 
Fig. 4 which can be built into virtually any 
type of toy car, battery operated or not. 
The design uses a CD4020 14-stage binary 
counter to operate |.e.d. ‘‘Turn Indicators’’ 
(D5 to D8), “‘tail-lights’’ (D9 to DIO) and 
‘*Headlights’’ (D11 to D12). 

The counter ICI is clocked by a unijunc- 
tion oscillator based around TRI. The red 
tail-lights and the yellow headlights draw a 
small current supplied constantly by resistors 
R7 and R8. For added realism, this current 
is supplemented through resistors RI and 
R2 which gives an impression of headlights 
‘‘dipping”’ and tail-lights *““braking’’. 

The model’s turn indicators flash whenever 
they are enabled and so the cathodes (k) of 
D5 to D8 are taken to another output (Q3, pin 
7) of ICI. Taking their anodes (a) positive, 
-via resistor R3/R4 and the relevant counter 
output, they flash at the rate determined by 
’Q3. The result is that one set of indicator 

-lights flash, then the other side, followed by 
both! 


R1 - R4 
4 x 560Q 


k 

=e ORANGE RED YELLOW 

INDICATORS — (HI-BRI) HEAD- 

D1, D2 TAIL- LIGHTS 
1N4148 LIGHTS 





Fig. 4. Lighting and inaicator circuit for mode! cars. 


The circuit is powered by a PP3-type or 
MN1604 9V battery and a small slide switch 
S1 can be mounted on the vehicle’s underside. 


David Geary, 


Blackheath, 
London. 





555 Astable Frequency Meter — owt for a coun 


HE CIRCUIT shown in Fig. 5 is a simple 

digital frequency meter which I designed 
to indicate the frequency in Hertz of an as- 
table 555 timer. It could perhaps be adapted 
for other uses. 

An npn transistor, TR2, is connected to the 
555 astable to be measured, as shown inset, 
and the output signal obtained is “‘hooked’’ 
to the main circuit via transistor TR1 collec- 
tor (c). Two CMOS 7555 timers, [C3 and 
IC4, are wired as monostables and these will 





trigger via R6/Cl when the Display switch 
S1 is closed. The period of IC3 is adjustable 
using VRI whilst [C4 times for a fraction of 
a second. 

Upon closing S1, IC4 sends a reset signal to 
IC] and IC2, which are two decade counters 
each driving a 7-segment common cathode 
l.e.d. display directly. [C3 then drives transis- 
tor TR1, which allows pulses generated by the 
555 ‘‘under test’’ to be fed into pin | (Clock) 
of IC2, the first decade counter. 








COMMON 
CATHODE 


SIGNAL 
DISPLAY 
a epg 


Fig. 5. Circuit diagram for a simple digital frequency meter for 555 astable. 


712 










Monostable IC3 needs to be trimmed such 
that it triggers for approximately 100ms. 
Pressing switch SI then allows ‘*100ms’ 
worth’’ of pulses to clock up on the display, 
and simply multiplying the result by ten will 
yield the value in Hertz. It would be feasible 
to cascade several counters to show a higher 
range of frequencies. 

Nick Dossis, 
Middlewich, 
Cheshire. 
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No. 1 for Kits 








Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, 
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all 
transmitters are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. 
SV-12V Omer atON, SOOM PANGS x acisccccsinccassivisssciscisnessvartansvonnavedsirtecundrodesManeavarcees £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic. 
SV-12V ODSFATION. TOQOM 1ANGE...:..ns:cscccecsscsescissssasseseniseosssesesessesircunnaaueenripepersls £13.45 


STX High-performance Room Transmitter 
High performance transmitter with a buffered output stage for greater stability and 
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range. £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. 
Size 20mm x 40mm. 9V-12V operation. 3000M raNge....... cesses £16.45 


VXT Voice-Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range. £19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V A.C. supply for long-term monitoring. 
SO SON K SSMU. SOOM PANGG  exsissnisvccsccensacstaaraiadasntsviessasesencuteancngusssdcalioihss £19.45 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range...... £22.95 


SCLX Subcarrier Telephone Transmitter 
Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range......... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9V-12V OperatiOn....... cece £22.95 


ATR2 Micro-Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line £13.45 





DLTX/DLRX Radio C . 
Remote control anything 
alarms, paging syste 
_ digital encoder and r ut 
or alternate, 8-way d.i.l. switch 
security code. Uy size gore L. 
operation. Range 


: MRX-1 Hi-Fi “peli oadc 
Not technically a surveillance ‘dev 


nearby radio. icon to y 
rden, in the bath or in the 
’s choice and boring wa 

Size 27mm x 60mm. 9V opel 


Fi, tape or 
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UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range...........cccceeeeeeee £15.95 


TLX 700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble 
than UTLX. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. 1000m rangé..............ceees £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone 
use. All conversations transmitted. Powered from line. 

Size 22MM X 22MM. 1H00M rAnge...........sccccsscscscsessssscescscsecssscsssessseseessceeassneseens £16.45 


TKX900 Signalling/Tracking Transmitter 

Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. 

Size 25MM x 63MM. VV OPErAtiON..........cceccecceseesesseeeseseseesesseeseeseesearessesesesesees £22.95 


CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you 
approach signal. Gain control allows pinpointing of source. 

Size 45mm xX 54MM. OV Operation... ccccccecceesesesesesesessseesseessescseseseeeeeees £30.95 


CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. OV operation... £50.95 


QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue). 

Size 20mm x 67mm. 9YV operation. 1000M rAaNGe.........eececececececesesteeeeeeeeeeeen £40.95 


QLX180 Crystal Controlled Telephone Transmitter 
As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. YV Operation. 1000M range... ecceeeseseeseseeestesesteseteeteees £40.95 


QSX180 Line Powered Crystal Controlled Phone Transmitter 
As per QLX180 but draws power requirements from line. No batteries required. 
SIZO SSM SLAW: FRAMING SOOM. ca. ccisstissscasssccrsecssscsscossssssosssesnsssussessscnsoravsnoes £35.95 


QRX 180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
supplied as pre-built and aligned module ready to connect on board so no difficulty 
setting up. Output to headphones. 60mm x 75mm. 9V operation...............ccee £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send Sterling Bank Draft and add £5.00 
per order for shipment. Credit card orders welcomed on 01827 714476. 

OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 
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THE ELECTRONICS SERVICE MANUAL 


ESM IS ABOUT ELECTRONICS AND 
ELECTRONIC EQUIPMENT, EXPLAINING: 


@ What it is e How it works e How to test it e How to take it c 
e How to find faults e How to fix it 


(|| OFFERING: 


e Down to earth advice e Vital data e Facts to feast on 
e Knowledge at your finger-tips 









Making sense 
of it all 
















TOPICS COVERED: 


e TV e Audio e Video e Computers e Disk drives e Techniques 


e Test gear e Workshops e Addresses @ Pinouts e Symbols e Safety 
e Logos e Tools e Data e etc 


WHO IT’S FOR: 


e Across the board appeal ! 
i e ideal for: Technicians e Engineers e Students e Hobbyists 


LITERARY MERIT: 


e Authoritatively written e Clearly presented @ Highly readable 
e A living library in words, drawings and photographs 


SUPPLEMENTS 


Detailed technical servicing notes on various types of equipment are 
covered in the quarterly Supplements, plus additional valuable 
information for other sections of the Manual 


| FREE 


We will send you the latest Supplement FREE with your Manual 


PRICES 


Manual only £39.95 plus P&P 
Over 850 A4 pages edited by Mike Tooley. Supplied in robust ring 
binder. Latest Supplement included FREE. 24-hour despatch 


Supplements £23.50 plus P&P 
Approximately 160 pages of facts and data in each Supplement 


GUARANTEE 


Our NO-QUIBBLE MONEY-BACK GUARANTEE gives you complete 
peace of mind. If you are not entirely happy with the Manual or its 
Supplements, for whatever reason, simply return to us in good 
condition (within 30 days for the Manual, 10 days for Supplements) 
























ELECTRONICS SERVICE MANUAL 
COVERAGE AND CONTENTS 


. SAFETY A 


Safety practices, life-saving techniques, legal requirements 


UNDERPINNING KNOWLEDGE 


Electronics theory, component theory & functions, circuit techniques, 
fault diagnosis, detailed equipment principles 


PRACTICAL SKILLS 


Component identification, avoiding static, soldering & component 
replacement techniques 


TOOLS AND EQUIPMENT 


Choosing tools & test gear, workshop practice, optimising test equipment 


SERVICING TECHNIQUES | E 


The Supplements include detailed guidelines on how to service specific E | 
types of electronic equipment | 


O 
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days for a FULL REFUND (overseas customers must pay the postage). 


| 
| sig ellie iii aca atic 
| NOTE: Surface mail can take over 10 weeks to some parts of the world. 
Each Manual weighs about 4kg when packed. 

, UT Oe res viciceysenssdanaicerd thr uanopaerhexatn exe travereisas tela gee tedrt es pheesdenesiptnencesaesacuea ive iad 

| 


Please send this form (or a copy) to: Wimborne Publishing Ltd, Dept. Y9, Allen House, East Borough, Wimborne, Dorset BH21 1PF 


and we will make a FULL REFUND of your payment. (Overseas buyers TECHNICAL NOTES 
| do have to pay the postage charge. Detailed examination of how specific types of electronic equipment work 
HOW TO OBTAIN ESM REFERENCE DATA 
~7| Order now ! — just fill in the order form. . Detailed tables of specifications for semiconductors, including pinouts 
Or, to find out more about ESM, ring, fax or write to: 
Wimborne Publishing Ltd, Dept Y9 USEFUL ADDRESSES 
Allen House, East Borough, Wimborne . O Manufacturers’ & suppliers’ addresses, including logos 
Dorset BH21 1PF | INDEX 
Tel: 01202 881749 Fax:01202 841692 Itemised key subjects in the Manual and individual Supplements 
eeietieetietintientti tiie tt 
_ PRIORITY ORDER FORM ggqr®ASE SENS 
, Item Cost Postage Total 
BTU ict YG rss cesses Hacc cagasetessacatscuassexcuctecielon lestnettiestlacratensentaeeeteteaes ese aes ESM Manual £39.95 £ 6 | 
(BLOCK CAPITALS PLEASE): Gaeta ee | 
b PN OSSS aetna etsceteteinyanzantnzusntshaicucgirianed saweretsnnsdst sats ehapcbscesondpsdedeauetitnlamesnassintnGa oe One Supplement = care Pore £0.00 | 
| free with Manual 
 deaniyetnal asain espiciny nena cae ee RL EE Re eed palmate ine sterling only Total & . 
|  asceuensase pense ieasdcsseeesssesdsenssnasdaneisdusuasasiucaasnesanotanaedyn PN I i tancescgiaicvuvwanincascsctsacxcnchan | 
| ; | 
) TRIED MONO UID E : ciscganctecrosutanostessecauecenctecnawasdameceosne ly taleacaseeiniasnnehonssiencsaitierseuaneta ens POSTAGE CHARGES 
|{_] lenclose cheque/PO payable to WIMBORNE PUBLISHING LTD Manual | 
|{_] Please charge my Access (Mastercard)/Visa card. Expiry date.............cceeeeeeeeee en 
| Postal Region Surface Air | 
BAe aca gees taccinetentanegesdeasvrnevadecbainsita u vuioc cat ose nasties couse see teases UK £5.50 _ | 
| (Please advise cardholder's address if different from above) Fire _ 611 | 
| Europe (EEC) - £20 | 
| Please send me each new quarterly Supplement when it is published. | understand that Europe (Non-EEC) £20 £26 | 
| these are billed separately and that they can be returned within 10 days or discontinued USA & Canada £25 £32 | 
| at any time. | Far East & Australia 631 £33 , 
| understand that should | decide not to keep the Manual | can return it to you within 30 Rest of World £25 £A4 
| 
| 
| 
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Ohm Sweet Ohm 


Max Fidling 


Fatal Attraction 


The month of August brings the 
prospect of the dreaded **‘Annual Garden 
Fete’’, held in the grounds of the local 
Vicarage. This money-raising venture has 
yet to hit the big time in terms of lasting 
entertainment value, but the Boss likes it, 
so that’s all that matters, and I get dragged 
along whether I like it or not, every year. 

Indeed, this rigmarole had occurred for 
many years now and against my better 
judgment I’d been volunteered by the Boss 
into lending a hand at this grand social 
event. Hence the word had eventually got 
round that I was a bit of an electronics 
boffin. This appealed especially to the 
Reverend, who as a sideline, operated the 
Church Bells discotheque, another of his 
madcap moneyspinners, and in the past I’d 
helped him with the odd electrical repair, 
bodged together resourcefully as I usually 
do! 

This year was to be no exception, be- 
cause the Rev. had asked me if I could 
help fix a fault on his small public address 
system, which he intended to use at the 
Fete. ‘‘No problem, Max will happily do 
it!’’ the Boss had volunteered. 
~ So, that Sunday morning found me 
hurriedly finishing off the job in the shack. 
It would have been nice, I explained to 
my cat, Piddles, whilst soldering up the 
microphone’s jack plug, and _ squirting 
ElectroLube into the volume control, if 
they’d at least tip me a few quid for my 
toils, but no, it’s the same old story — 
complete mug, do it for nothing, lifetime 
guarantee, what’s the world coming to, 
etc., I moaned to an unreceptive audience 
(one cat). 


Cool Cat... 


I switched the soldering iron off and 
pondered gloomily, whilst fumbling with 
the microphone. A quick test was, I sup- 
pose, a good idea so I plugged everything 


together, microphone, loudspeaker and all, 
and switched on. 

Now for some fun. I’d always fancied 
myself as a singer, and now was a 
good time to practise, I told the 
moggie, as I cranked up the 
‘level’? control and warbled 
into the microphone with a 
fine rendition of Elvis Presley. 

**”. Yeah-aye, I’m all shook up!!’ 
echoed the shack to fifty watts of 
musical entertainment. The window 
rattled in sympathy but Piddles looked on, 
unmoved by my taste in tunes. Everything 
seemed fine so the P.A. was made ready 
for the big day out as we prepared for the 
Fete. 

Arriving early, I hastened over to see 
the Reverend and between us we installed 
it around the garden, using an extension 
lead from the Vicarage for power. Every- 
one in the merry band of workers then 
received their orders from the Vicar’s 
wife, and my eyes rolled skywards as I 
was handed the job of the ‘*‘Mousey 
Mousey’’ Stall. The Boss smirked. 


... Hot Mouse 


Devoid of anything remotely electronic, 
the dreaded Mousey Mousey Stall was the 
pits. It consisted of a short length of drain- 
pipe with an outlet at the bottom. The idea 
was that the merry ‘‘punter’’ for 2Op, 
waited with a rubber mallet at the drain- 
pipe’s exit, whilst I dropped a stuffed toy 
mouse in at the top. The player had to 
clobber the mouse as soon as possible 
when it exited. 

Little did they know that the mouse 
contained a quarter pound of solid lead, 
taken from the church roof, and would 
pelt out of the tube faster than a whippet 
on steroids! This inside knowledge was 
about the only satisfaction I derived from 
the job. 









So a whole afternoon of stuffing the 
mouse down the drainpipe finally drew 
to a close as I counted up the loot and 
handed it in to the Rev.’s wife. The Boss 
looked on, proudly telling everyone how 
I’d just fixed the sound system in the nick 
of time and saved the day. Time for the 
day’s results, as an expectant hush per- 
meated around the villagers. 


Ohm Sweet Ohm 


Grabbing the microphone, _ the 
Reverend started his usual Garden Fete 
speech, thanking everyone individually 
(excluding myself, I noticed) for their 
help, as his voiced echoed around the 
garden. At precisely the point where he 
started to read out the profits, the sound 
went dead! 

Tapping the microphone and twiddling 
the controls had no effect! The Reverend 
blanched, quickly switched it off then 
raised his voice and continued shouting 
the results ever more hoarsely to a hushed 
crowd. 

The Boss glared over at me, but I’d 
already started to flee through the garden 
gate, whistling a tune and wandering in 
the direction of home, the shack and the 
cat. | mean, what do they expect for free? 
I ask you. 





RING BINDERS FOR EPE 


This ring binder uses a special system to allow the issues to 
be easily removed and reinserted without any damage. A 
nylon strip slips over each issue and this passes over the 
four rings in the binder, thus holding the magazine in place. 

The binders are finished in hard wearing royal blue p.v.c. 
with the magazine logo in gold on the spine. They will keep 
your issues neat and tidy but allow you to remove them for 
use easily. 

The price is £5.95 plus £3.50 post and packing. If you 
order more than one binder add £1 postage for each binder 
after the initial £3.50 postage charge, (for overseas readers 
the postage is £6.00 each to everywhere except Australia 
and Papua New Guinea which costs £10.50 each). 

Send your payment in £’s sterling cheque or PO (Over- 
seas readers send £ sterling bank draft, or cheque drawn 
on a UK bank or pay by credit card), to Everyday Practical 
Electronics, Allen House, East Borough, Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749. Fax: 01202 841692 (We 
cannot reply to queries or confirm orders by Fax due to the 
cost). 

We also accept credit card payments. Mastercard 
(Access) or Visa (minimum credit card order £5). Send your 
card number and card expiry date plus cardholders address 
(if different to the delivery address). 
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f you talk to someone who is con- 

templating the construction of their 
first project, but is a bit reluctant to 
actually buy the parts and give it a try, 
the reason for their hesitation is almost 
always the same. They are worried that 
they will not be able to get the finished 
unit to work, and that the money spent 
on the components will be wasted. 


Something Simple 

As | have pointed out many times 
before, the chances of getting modern 
projects to work first time are excel- 
lent. The first-time constructor needs to 
choose his or her project very care- 
fully, but provided a sensible choice is 
made, and things are not rushed, there 
is little risk of the finished unit failing 
to work. The best type of project to 
choose is one which is fairly simple and 
straightforward. The larger the project, 
the greater the chances of a mistake 
being made. 

| would also suggest that the project 
should be built on a ready-made cus- 
tom printed circuit board (p.c.b.). This 
is not a cynical attempt to plug the 
EPE PCB Service. A custom printed 
circuit board is the easiest construction 
method. Making your own boards is 
not too difficult, but there are plenty of 
new skills to be learnt even without any 
unnecessary additions to the list. If you 
are interested in p.c.b. production, this 
can be mastered once you have some 
experience of project construction. 

It is better to choose a project that 
does not present any major problems as 
far as the mechanical side of construc- 
tion is concerned. You will have plenty 
to occupy your mind when dealing 
with the electronics. Awkward aspects 
of the mechanical side of construction 
will be an unwelcome distraction. 

Only choose battery powered 
projects that do not involve any 
connections to the mains supply. The 
mains supply is potentially lethal, and is 
certainly not a suitable starting point, 
particularly for younger constructors. 


Understandable 

Make sure that you select a project 
which has a function that you fully 
understand. It is not that unknown fora 
letter to be received from a reader who 
is having problems with a_ project, 
where it soon becomes quite clear that 
the reader had slightly (or completely) 
misunderstood the purpose of the 
project! This is admittedly quite rare 
these days, but from time to time a 
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reader still “gets hold of the wrong 
end of the stick’. Choose some- 
thing straightforward, like a simple 
household gadget, car project, or a very 
basic piece of test gear. 

When you first attempt project con- 
struction there is a great temptation to 
start building some weird and wonder- 
ful device, but to do so would almost 
certainly be a mistake. It is better to 
Start with something reasonably simply 
and straightforward, even if it is not of 
any great use to you when finished. 
You should learn a lot from building it, 
have some fun in the process, and it 
should be a good confidence builder. 


Can't Stand the Heat 

| suppose that project constructors 
have to regard an occasional problem 
project as an inevitable part of the 
hobby. You can minimise the num- 
ber of projects that give problems by 
building every project carefully and 
methodically, but we all make mistakes 
from time to time. Sooner or later you 
are almost certain to be faced with a 
project that fails to work first time. 

There are three main causes of newly 
constructed projects failing to work. An 
error by the constructor, an error in the 
article describing the project, or a faulty 
component. A faulty component is 
probably the least likely cause, since 
modern components are thoroughly 
tested and very reliable. Even if you 
Spend many years building hundreds of 
projects it is quite likely that you will 
never be sold a ‘‘dud’’ component. 

If there is a problem with a com- 
ponent, it is more likely that it has 
become damaged during project con- 
struction, or possibly on its way to you 
in the post. In most cases any physical 
damage will be plain to see. It 
is not advisable to use any com- 
ponent that has any physical damage 
beyond a few superficial scratches. 
Even if a damaged component is 
basically functioning, its accuracy and 
reliability will almost certainly have 
been impaired. 

Components are most at risk when 
they are being soldered onto the 
circuit board. Beginners are often a 
little slow and hesitant when produc- 
ing soldered joints, and this can 
result in overheating. Fortunately, most 
modern electronic components are 
quite resilient, and are not easily 
damaged by excessive heat. 

Even if a resistor or Capacitor is over- 
heated to the point where it becomes 


discoloured, it might actually still work 
properly. However, if a project fails to 
work, it obviously makes sense to re- 
place any components that show signs 
of heat damage, or any other form of 
physical damage. 

Probably the passive components 
that are most at risk are the box style 
capacitors which do not have a plastic 
casing. These open style capacitors are 
now somewhat tougher than the 
original components of this type. Even 
so, with many of them it is not too 
difficult to detach one of the leadout 
wires. 

The fact that a leadout has broken 
away from the case will normally be 
self evident, but this is not always the 
case. If there is Outward pressure on 
the leadout wires when one of these 
capacitors is soldered into place, one of 
the leads can effectively be desoldered 
and part company with the casing. 
However, with both leads firmly sol-— 
dered in place, everything may ap- 
pear to be perfectly all right unless 
the component is carefully scrutinised. 
(We have found polystyrene capacitors 
to be occasionally subject to similar 
problems. Ed.) 


Semiconductors 

Semiconductors are the components 
that are most vulnerable to heat 
damage. It is quite possible to overheat 
practically any semiconductor without 
any physical signs of damage becom- 
ing apparent. Integrated circuits, with 
their numerous pins to connect, are 
more vulnerable than the more simple 
semiconductors. 

Unless the designer states otherwise, 
a holder (i.c. socket) should always be 
used for integrated circuits. The holders 
are soldered to the circuit board, and 
the integrated circuits are plugged into 
the holders once the circuit board is 
otherwise complete. This avoids sol- 
dering direct to the pins of the in- 
tegrated circuits, and avoids any risk of 
overheating them. 

Germanium semiconductors are 
more vulnerable to heat damage than 
the much more common silicon variety. 
The only germanium devices _ in 
common use today are a few types of 
diode, such as the OA90 and OAQ1. 
Obviously extra care should be taken 
when dealing with these. 

Some semiconductors, including a 
fair percentage of integrated circuits, 
are vulnerable to high voltage static 
charges. The article should always 
give a warning if a_ project uses 
Static sensitive components. While 
many ‘old hands” largely ignore the 
standard handling precautions when 
dealing with the cheaper static sensi- 
tive devices, beginners should always 
rigidly adhere to them. Experienced 
constructors Can soon sort out what Is 
wrong in the event that a device 
is accidentally “zapped”. Beginners 
could spend a great deal of time and 
effort in locating the source of the 
problem. 


User Error 
‘By far the most common cause of 
projects failing to work, including my 
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own efforts, is an error on the part 
of the constructor. In theory we 
should all thoroughly check each 
newly constructed masterpiece before 
it is switched on. In reality we are 
usually too impatient to do much 
checking, if any. If a new project fails to 
work, switch off immediately and do all 
the meticulous checking that you 
should have done already! 

The most likely causes of problems 
are components connected the wrong 
way round, and badly soldered joints. If 
a component is connected the wrong 
way round, checking the board against 
the printed circuit overlay should soon 
reveal the problem. Go through the lay- 
out component by component, making 
sure that every Component is in the 
right place, and (where appropriate) 
fitted the right way round. 

Work through the components 
methodically, making sure that none 
are overlooked. Remember to check 
the wiring to the off-board com- 
ponents, including the battery clip. It is 
quite easy to get a crossed-over wire 
here, so carefully check that each wire 
runs between the right two points. 

Avoiding and detecting ‘dry’ joints 
was covered in the January 1996 issue 
of EPE, so we will not go over the same 
ground again here. 


Clean and Check 

Accidental short circuits between 
copper pads due to solder splashes and 
trails are another common cause of 
problems. These are easily produced, 
and are less obvious than you might 
think, as they tend to blend-in with the 
numerous soldered joints. 

Also, solder trails are often minute, 
and can be covered over by the 
smallest amount of excess flux. Any 
large pieces of solder should be easily 
spotted, but a close visual inspection 
will be needed in order to find most of 
these short circuits. 

Start by cleaning the underside of the 
board. This will clear away any loose 
pieces of solder, together with ex- 
cess flux that might otherwise obstruct 
your view of any solder trails. Spe- 
cial cleaners are available, but simply 
brushing the underside of the board 
using something like an old toothbrush 
seems to do the job perfectly well. 

Unless you have very good close- 
up vision you will need a reasonably 
powerful magnifying glass in order to 
spot the smallest solder blobs and 
trails. Most photographic shops can 
supply an 8X loupe (also known as a 
lupe’), and these are excellent for 
detailed checking of boards. 


The entire underside of the board 
should be checked meticulously, but 
pay extra attention to areas of the 
board where there are a large number 
of joints in close proximity to one 
another. With stripboard the short cir- 
Cuits often seem to occur at the ends of 
tracks, or where there is a row of breaks 
in the strips, so pay extra attention to 
these parts of the board. 


Continuity Error 

Without a reasonable amount of 
technical knowledge and some test 
equipment it is not really possible to 
undertake comprehensive fault finding. 
A simple multimeter or even just a 
continuity tester is still ‘worth its 
weight in gold” though, and something 
that you should obtain sooner rather 
than later. 

A continuity tester merely lights an 
l.e.d. and (or) sounds a buzzer when 
there is a short circuit across the test 
prods. Ideally you need one that is not 
“fooled” into indicating a short circuit 
by diode junctions in the circuit under 
test. Most modern circuits are riddled 
with these junctions, with many of 
them hidden away inside integrated 
circuits. Many multimeters have a con- 
tinuity tester facility that can use a low 
test voltage so that diode junctions are 
ignored. 

In days gone by it was common to 
use a continuity tester that consisted of 
a battery and a torch bulb, but this type 
of tester is not appropriate to modern 
circuits. The problem is simply that the 
current drawn by a torch bulb is high 
enough to “zap” many integrated cir- 
cuits, and some other semiconductors. 
An old style continuity tester can soon 
inflict several pounds worth of damage 
on any circuit board you test with it! 


Simple Tester 

The simple I.e.d. equivalent shown in 
the circuit of Fig.1 is a much better 
choice. This operates at a current of only 
about two milliamps, which ts sufficient 
to give reasonable brightness from a 
high efficiency l.e.d., but is far too low 
to cause any damage. The circuit will 
respond to forward-biased diode junc- 
tions, but the I.e.d. will switch on at only 
about half the normal brightness. 

With a continuity tester, or a multi- 
meter that has a built-in facility of this 
type, it is possible to check that there 
are no short circuits between tracks, 
or breaks in tracks, and that on/off 
switches open and close properly, etc. 
With a multimeter set to a voltage 
range you can check that the battery 
voltage is correct, and that the supply is 
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Fig. 1. Circuit for a simple but “safe” 
continuity tester. 


getting through to each part of the 
circuit correctly. Basic tests of this 
type are usually sufficient to locate the 
cause of the problem. 


If All Else Fails 

If a couple of thorough checks of the 
project fails to show up any problem, 
the last resort is to contact the pub- 
lisher or designer of the project. Mis- 
takes in EPE are few and far between, 
but they do occur occasionally. Check 
for corrections in subsequent issues 
of the magazine, or write in with a 
Stamped addressed envelope asking if 
there are any corrections. If you think 


that there is an anomaly in the article 


(two R23s and no R24 for example), 
contact the publisher for the correct 
information rather than guessing and 
hoping. 

It is much easier to help readers 
locate faults if they supply us with 
some information, rather than simply 
saying ‘| built project X and it does not 
work’. Does the project do anything at 
all? In the case of an amplifier for 
example, does it produce a distorted 
Output signal, noise, a weak output 
signal, or nothing at all? 

A multimeter is more than a little 
helpful here, because it enables you to 
provide the circuit designer with a list 
of test voltages at various points in 
the circuit. Remember to state the 
type of multimeter you used to take 
the measurements (digital, 20k/volt 
analogue, etc.). 

Probably the most important thing 
when dealing with a faulty project is to 
be positive about it. Remember that if 
the components are all present and 
correct, and everything is wired up 
properly, the project w///work. 
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Constructional Project 


POWEH 
CHECK 


Keeo costs in tow, build a 
tri-colour power consumption 


naicator for caravans and boats. 


ANY outdoor enthusiasts rely on a 
@@ 12V ‘‘leisure’’ battery as a source 


of energy — perhaps for a caravan 
or boat. As many know to their cost, indis- 
criminate use of power can result in a flat 
battery much sooner than expected. 
Children, especially, tend to be as 
liberal in their use of battery power as they 
are with the mains at home. 


HAPPY HOLIDAY 


It is surprising how many different 
pieces of electronic equipment may be 
operated from a 12V d.c. supply and this 
puts greater demands than ever on a 
low-voltage system. It is not uncommon 
for people to mix business with pleasure 
and operate a laptop computer and printer 
while taking a break ‘‘away from it all’’. 
Gone are the days when the battery was 
used only for lighting and an electric water 
pump was a luxury. 

This project monitors the current being 
drawn from the battery. By doing so, 


O TBi/ 
+ 
TO APPLIANCES 
i R3 
10k 


_————TB1/2 
J 


O TB1/3 


economies can be made and the time 
obtained from one charge maximised. 
Note that an indication of current may be 
regarded as a measure of power because 
the voltage is reasonably constant. This 
being so, power is proportional to current. 

An ordinary ammeter would do the job 
but this does not easily attract attention 
and is not readily interpreted at a distance. 
Also, it would be difficult asking a young 
child to respond to its reading. In any case, 
actual current values are not needed — it is 
sufficient to know if the consumption is 
simply low, medium or high. 


GO GREEN 


In this system, the display is provided 
by a tri-colour l.e.d. This shows green for 
a low demand, yellow for a medium one 
(acceptable for a temporary heavy load 
such as a water pump) and red to indi- 
cate excessive use and the need to switch 
appliances off straight away. When red 
shows, an audible signal is also given. 





Newbee 


TERRY de VAUX-BALBIRNIE = 


The circuit is built in a small metal box 
with the I.e.d. mounted on the front panel. 
A piece of terminal block inside is used 
to make the connections to the external 


system. 

This circuit must not be used in in- 
Sstallations using more than 10A. Having 
said that, though, the values at which the 
colours operate are freely adjustable. 

In the prototype unit, a current below 
2A was judged to be /ow, between 2A and 
4A medium and more than 4A high. With 
these criteria, by keeping green at least 30 
hours of operation would be obtained from 
a standard 60Ah (amp.hour) battery. 


TWO-IN-ONE 


Tri-colour l|.e.d.s are really two l.e.d.s 
in one. There is one red and one green 
unit contained side by side in a milky 
white translucent package. When both are 
illuminated, the display is yellow. This is a 
simple example of two primary colours 
being added together to produce a secon- 
dary one. Thus, the three colours men- 
tioned earlier are made possible. 

The device has three leads. One is the 
common cathode (k) connection while the 
other two (both of them anodes) are 
responsible for the red and green sections. 
Do not connect the device to a battery to 
watch it work. The current must be limited 





Fig. 1. Complete circuit diagram for the Power Check. Note that resistors R1 and R2 are 3W types. 
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to 30mA maximum and a series resistor is 
required for each section. The device will 
be ruined if it is connected directly — you 
have been warned! 


CIRCUIT 
DESCRIPTION 


The complete circuit diagram for the 
Power Check is shown in Fig.l. The 
chief component is the dual operational 
amplifier, [Cla and I[Clb, with the 
two sections configured as a window 
comparator. 

The heavy-duty battery power feeding 
the appliances — lights, TV, etc. — flows 
through fuse FS1 and resistors RI and R2 
connected in parallel. There is, therefore, a 
voltage drop produced across them. This is 
important as will be seen presently. 

When the current is at the maximum 
allowed value (10A) the power dissipated 
is about 5W. The use of two resistors 
connected in this way provides sufficient 
power rating while obtaining the correct 
value, in this case 0-05Q. Fuse FS1 will 
blow if the maximum current is exceeded. 


MAKING 
PREDICTIONS 


As predicted by Ohm’s Law (V = / 
x R), for each amp of current flowing 
through resistors RI and R2, there will be 
50mV dropped across them. In normal 
leisure use, it is not expected that much 
more than 5A will be drawn from the 
supply and for this the voltage drop would 
be 250mV (i.e. 0-25V). This is unavailable 
to the appliances but is too small to have 
any noticeable effect. 

Suppose the supply voltage has the 
nominal value of 12V. With 5A flowing, 
this would mean that 11-75V would appear 
across the appliances. In fact, the supply 
voltage will fall as the battery discharges. 
This will make no difference to correct 
operation of the circuit and this point will 
be explained in further detail later. 

Let the voltage drop across R1I/R2 be 
D-volts. The voltage appearing across the 
appliances will therefore be (12-D) volts. 
This is scaled down to about 80 per cent 
of its value by the potential dividing ac- 
tion of resistors R3 and R4. The result is 
henceforth referred to in the text as the 
‘*monitored voltage’. 


MONITORED VOLTAGE 


The monitored voltage is applied to both 
the inverting input of [Cla (pin 1) and 
the non-inverting input of IClb (pin 6). 
Meanwhile, preset potentiometers VRI1 
and VR2 apply adjustable voltages to the 
inverting input of [Clb (pin 7) and 
the non-inverting input of [Cla (pin 2), 
respectively. Fixed resistors R5 to R8 limit 
the range of adjustment of the presets to 
that needed for correct operation. 

Suppose the switching points are chosen 
to be those suggested earlier — green up to 
2A, yellow up to 4A and red for any 
current higher than this. Presets VR1I and 
VR2 would be adjusted so that their slid- 
ing contacts (wipers) provide 9-45V_ to 
ICIb pin 7, and 9-55V to ICla pin 2, 
respectively. Note that these voltages do 
not need to be measured — they will follow 
naturally during the setting-up process. 

The output of an op.amp is high (on) 
if the non-inverting (+) input voltage 
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exceeds the inverting (—) one. Consider 


the case where 1A flows, a low current as ° 


required, perhaps, by a single light. There 
will be a S50mV drop across resistors 
R1/R2 and therefore a voltage of 11-95V 
across the appliance, 80 per cent of which 
gives a monitored voltage of about 9-6V. 

Since this is greater than the 9-55V 
already existing at ICla pin 2, [Cla output 
pin 12, will be low. The red lI.e.d. section, 
which is fed from this via diode D2 and 
current-limiting resistor R1O, will there- 
fore be off. The monitored voltage is also 
greater than that at [Clb pin 7, so ICIb 
output pin 10 will be high and the Green 
l.e.d. will be on, being fed through diode 
D1 and current-limiting resistor R9. 


MORE OR LESS 


Now, suppose a current of 3A is drawn. 
The voltage across the appliance will fall 
to 11-85V and this will result in a 
monitored voltage of 9-5V. This is now 
less than the voltage at [Cla pin 2 and so 
this op.amp will be on and with it the red 
l.e.d. However, it is still greater than the 
voltage at [Clb pin 7. so this op.amp will 
also be on and hence the green I.e.d. will 
also be on. With both l.e.d.s on, there will 
be a Yellow display. 

Suppose the current now rises to 6A. 
The voltage across the appliance will fall 
to 11-7V and this gives a monitored volt- 
age of 9-4V. Since the voltage at [Cla 
pin 2 exceeds this, the red l.e.d. remains 
on. However, it is also less than the volt- 
age at ICIb pin 7 so this op.amp goes off, 
and with it the green l.e.d. This leaves a 
Red display. 

Diodes D1 and D2 connected in series 
with the l.e.d. sections prevent any ten- 
dency for them to glow slightly when 
nominally off. This could happen because 
when the power supply voltage is about 
12V, the low state for the outputs of a type 
747 op.amp is around 2V, and this is 
roughly the level at which an lL.e.d. will 
begin to operate. 

The voltage across a forward-biased 
diode is about 0-7V so the output is 
effectively reduced by this amount. This 
brings it well below the l.e.d. turn-on 
voltage. — 

The supply voltage 
will fall a little 
in the normal 
course of battery 
discharge. 












te, 13, respectively. 


However, since all the op.amp inputs are 
derived from potential dividers, they will 
all fall in unison. This means that the 
switching levels will remain reasonably 
constant. 


BE LOGICAL 


An audible warning is required when 
only the red l.e.d. is on (i.e. not when 
yellow is displayed). This is a simple logic 
problem and may be solved with an ar- 
rangement of logic gates. A high output is 
needed when ICI pin 10 (green feed) is 
low and ICI pin 12 (red feed) is high. A 
possible arrangement to provide this func- 
tion is shown in Fig.2, but in this simple 
application, it is a clumsy method because 
it uses two different types of gate. 


FROM RED 
hua AND GATE 
BUZZER 


NOT GATE 


FROM GREEN 
L.E.D. 


Fig. 2. One possible method of provid- 
ing a logic signal to trigger the “red” 
warning buzzer. This uses two different 
tyoes of gate and was rejected in 


favour of a single quad 2-input NAND 


gate |.c. in this circuit. 


A more practical way of solving the 
problem is to use a single quad 2-input 
NAND gate chip (this contains four identi- 
cal NAND gates) arranged as shown in 
Fig.1. Three of the gates are used (I[C2a, 
IC2b and IC2c) and one (IC2d) is left 
unused. 

The two inputs of [C2a (pins | and 2) 
are connected together to form an inverter 
(NOT gate). This inverts the incoming sig- 
nal obtained from ICI pin 10, thus, while 
green shows, a /ow signal is output from 
IC2a pin 3. 

Ideally, an AND gate should now be 
used, but we only have NAND gates avail- 
able here. So two of these are used to- 
gether to create an AND function. 

First, IC2b is used as a proper NAND 
gate, and then its output is inverted by 
IC2c. NAND gate IC2b receives signals 
from [C2a pin 3 and from ICI pin 12, 
these being applied to its input pins 12 and 


Only if both of IC2b’s input pins are 
high simultaneously will its output pin 11 
change from high to low. This condition 
only prevails when the outputs of [Cla and 
IC1b cause the red I.e.d. to be on and the 
green l.e.d. to be off. In this situation, the 
output of IC2c at pin 4, being an inversion 
of IC2b’s output, 1s high. 

Output pin 4 of IC2 is fed via current- 
limiting resistor RII to the base (b) of 
transistor TRI. When [C2c pin 4 is high, 
TRI is turned on, so operating the audible 
warning device (solid state buzzer) WDI1 
in the collector (c) circuit. 

The unused gate, [C2d, has its two in- 
puts tied to the OV line since unused 
CMOS inputs should not normally be left 
unconnected. 


CONSTRUCTION 


Most of the Power Check circuit 1s 
built on a single-sided printed circuit board 
(p.c.b.), details of which are shown in 
Fig.3. This board is available from the 
EPE PCB Service, code 110. 

The pair of power resistors, R1 and R2, 
are mounted separately on a piece of tag 
board. This is because they become hot 
when a high current flows and this could 
damage unprotected components nearby. 
For this reason, do not use a plastic box 
for this project. 


COMPONENTS 


Resistors 
001 (0-1 ohms) 


aw (20ff} See 


47k 
TALK 


18k (2 off) 
120k (2 off) 
4700 (2 off) Page 
22k 
All 0:-25W 5% carbon film, except R1 
and R2. 


Potentiometers 
VR1,VR2 22k min. preset, vert. (2 off) 


Capacitors 
C1,C2 220n ceramic disc (2 off) 


Semiconductors 

D1,D2 1N4148 signal diode (2 off) 

D3 tri-colour l.e.d., 5mm, plus 
mounting clip 

TR1 Z1X300 npn transistor, or 
similar 

IC1 LM747 dual op.amp 

IC2 4011B quad 2-input NAND 
gate 


Miscellaneous 
WD1 piezo buzzer, p.c.b. 
mounting, 5mA 3V-24V d.c. 
S1 min. toggle switch (or rocker 
or slide switch) 
FS! 10A 20mm fuse, plus 20mm 
panel mounting fuseholder 
FS2 250mA fuse, plus 20mm 
p.c.b. mounting fuseholder 
Printed circuit board available from the 
EPE PCB Service, code 110; aluminium 
case, size 125mm x 105mm x 35mm; 
14-pin d.i.l. socket (2 off); 15A screw 
terminal block — 3 sections required; 
tag board — 6 tags required; 10A 
rated wire; light-duty stranded connect- 
ing wire; cable ties; grommet; solder, 


£20 


Approx Cost 
Guidance Only 
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Fig. 3. Printed circuit board topside component layout and full size underside 


copper foil master pattern. 


Begin construction by mounting fuse- 
holder FS2 and the two i.c. sockets (but 
do not insert the i.c.s themselves yet) 
on the p.c.b. Add the passive com- 
ponents — the resistors (including the 
preset potentiometers) and capacitors. 

Solder the buzzer into position — this is 
polarity-sensitive and the correct orienta- 
tion is usually marked on the plastic body 
underneath. Add the transistor and diodes, 
also being conscious of their correct 
polarity. 

Gently bend the leads of the tri-colour 
l.e.d. D3 at right angles and solder them to 
the p.c.b. so that the body points forward 
as shown in the photograph. Note that the 
centre lead is the common connection and 
the shorter one operates the green section. 
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Adjust the wiper (sliding contact) of 
both presets to approximately mid-track 
position. Solder 10cm pieces of stranded 
connecting wire to the points marked 
**S1°’, “‘monitor’’ and ‘‘battery —”’. 


CASE 


Refer to the photograph and drill three 
holes in the base of the box to correspond 
with those in the circuit board. Drill holes 
for the terminal block and for the tag- 
board, to be used for mounting resistors 
R1 and R2. 

Drill a hole in the front panel for the 
l.e.d. clip and one for the switch. Drill a 
hole in the rear panel for fuseholder FS1 
and one for the wires to pass through to the 
terminal block via a rubber grommet. 
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Fig. 4. Interwiring details between the printed circuit board and off-board 


MONITOR 


BATTERY— 





components. Note that heavy-duty 10A wire must be used where indicated by 


thicker leads. 
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EXTENSION 


Solder power resistors RI and R2 to the 
piece of tagboard as shown in the photo- 
graph and Fig.4, leaving some space be- 
tween them. Solder the link wires to their 
ends so that they are connected in parallel. 

Mount the tagboard assembly on plastic 
stand-off insulators so that it is kept 5mm 
clear of the bottom of the box. This is 
because the tag connections on the under- 
side are not insulated. 

Mount the terminal block TBI, 
fuseholder FS1 and the toggle switch. 
Attach the circuit board using plastic 
stand-off insulators on the bolt shanks to 
keep the underside connections on the 
p.c.b. 5mm clear of the box. At the same 
time, engage the I.e.d. in its mounting clip 
and secure it. 

Refer to Fig.4 and complete the internal 
wiring. No wires should touch resistors R1 
and R2 since these become hot in opera- 
tion. Note that all wiring drawn with thick 
lines must be of 10A rating minimum. 

You now need to locate the main feed 
wire from the battery positive terminal. 
This needs to be cut at a convenient point. 
The free end leading directly to the bat- 
tery positive terminal is connected to the 
terminal block point TB1/1, while that 
leading to the appliances is connected to 
TB1/2. 

The wires may be extended to reach a 
convenient place for the main unit but such 
extensions must be kept as short as pos- 
sible. Also, the wire used must be ap- 
propriate to the maximum current being 
drawn. If this procedure is not observed, 
there could be an excessive voltage drop 
along the new wiring and a consequent 
reduction in current to the appliances, and 
the wiring could get hot! 

The connection to TB1/3 is made to the 
battery negative terminal using light-duty 
stranded wire. Apply some strain relief to 
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the wires inside the case where they enter 
through the grommet. In the prototype this 
was done by securing a large cable tie 
around them. 

IC1 requires no particular handling pre- 
cautions. However, IC2 is a CMOS device 
and could possibly be damaged by static 
charge which might exist on your body. 
For this reason, before unpacking I[C2, 
touch something which is earthed (such as 
a water tap, or soldering iron metal parts — 
when cold!). This will remove the static 
charge. Insert both 1.c.s into their holders, 
observing the correct orientation. 


SETTING-UP 


For adjustment to specific current 
values, an ammeter (multimeter set to the 
10A d.c. range) will be needed. Digital 


Fig. 5. Setting-up the Power Check using an ammeter. 





Layout of components inside the completed Power Check. The 
power resistor tagboard must be mounted on insulated stand-offs 
above the base of the case and heavy-duty wires used where 
indicated (thicker leads) in Fig. 4. 


meters usually have a_ suitable high 
range. If no such ammeter is available, 
the circuit may, of course, be set up by 
common sense. If using an ammeter, 
include it in the circuit as shown in 
Fig.5. 


tery. Switch on S1 and operate appliances 


AMMETER 


POWER CHECK UNIT 


_ such as lights so that the required low 


current limit is obtained. Adjust preset 
VRI so that the display just turns from 
green to yellow. Switch on more ap- 
pliances until the upper limit is reached. 
Adjust preset VR2 so that the display 
just changes from yellow to red — the 
buzzer should sound. Repeat and check the 
settings. 

Note that when an appliance is switched 
on it is quite usual for there to be a 
momentary surge of current. This is par- 
ticularly true of filament lamps, fluorescent 
lights and motors such as those used in 
water pumps. Do not be surprised, there- 
fore, if a green display gives a transient 
yellow response or a yellow display be- 
comes red for an instant and the buzzer 
gives a ‘‘chirp’’. 
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Begin with a partially-discharged bat-_ 





IN USE 


Fit the lid of the case, checking to avoid 
trapped wires and short circuits. If the 
audible warning is not loud enough, drill a 
matrix of small holes in the top section of 
the box above buzzer WD1 position. 

If the unit is operated close to its upper 
current limit for any significant time, resis- 
tors Rl and R2 will become very hot. This 
should not cause a problem, but it would 
be a good idea to check that the case does 
not become excessively hot. If necessary, 
drill some ventilation holes above the tag 
board position. Working below 5A, the 
case should remain cool although R1 and 
R2 will still become fairly hot. 

Switch S1l operates the warning circuit. 
However, if it is switched off, the ap- 
pliances will still work. This may be useful 
for items which may be switched on while 
the user is out or at night, for example. 

The Power Check circuit requires a 
maximum of 80mA (with Yellow show- 
ing) so it imposes little load on the system. 
However, there is no point in using it 
when it is not required. [] 
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New user friendly 


system at lower cost 


WHY WAIT? 
We Give You The Fax! 


Projects and Series 
From the Past Year’s 
Issues of EPE 


AVAILABLE INSTANTLY! 
24 HOURS A DAY! 


WHAT IS EVERYDAY PRACTICAL 
ELECTRONICS ON FAX? 


AVE you ever wanted to get hold of a past project 
H.: part of a Teach-In series fast? EPE ON FAX is 
a service aimed at providing you with the article you 
need on-demand, seven days a week, 365 days a year, 
24 hours a day. 

All the projects and major series from the the April 
‘95 issue onwards have been stored on computer and 
linked to a sophisticated selection system that uses 
the latest voice and Fax technology. You can select the 
article you require from a menu and have it down- 
loaded to any UK Fax machine on demand. 

The service will be constantly updated with new 
material as each issue is published, thus providing a 
live, instantly available, resource covering the latest 
EPE articles. 


Call the EPE ON FAX system from the handset 
of your Fax machine or from a tone telephone. 
The handset must be switched to “‘tone’’. 





Following voice prompts, select either an index 

of articles, or a specific article by known article 

number (if you have previously received the in- 
dex), from the keypad on your phone or Fax handset. 
Then enter the phone number of the Fax machine you 
want the article sent to, using the handset or phone 
keypad. 


EPE ON FAX delivers your choice of article to 


the Fax machine, complete with cover sheet, 


while you wait. We pay for sending the Fax, you 
are only charged for the initial call at £1.50 per 
minute. 
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HOW TO USE EPE ON FAX 


@ From your tone telephone or Fax machine call 0897 124 
125, making sure that your handset is switched to ‘tone’. 
You will then hear a series of messages, which will help to 
guide you through the system. 


@ For one of the available indexes, which contain the docu- 
ment numbers and the number of pages of each article, 
press “1” when prompted. 


@ To obtain a particular document, press ‘2’’ when 
prompted and, when requested, enter the document 
number you want from the keypad on your phone or Fax 
machine. The system will then confirm your selection. 


@ When you have selected the document that you require, 
you will then be prompted to enter the phone number of 
the Fax machine you want the article sent to, including the 
dialing code, finishing with the # key; the system will then 
confirm the phone number. Ring off when prompted and 
the Fax will automatically be sent to the given number. 


HOW MUCH WILL IT COST? 


EPE ON FAX service is a higher rate premium line phone 
service. Calls cost £1.50 a minute. First time use should cost 
no more than £3 per index or article. Subsequent use should 
only be £1.50 per article. 

NOTE. Articles over six pages long are split in two, requir- 
ing two calls. 


FURTHER INFORMATION 


If you would like further information about how this 


project was put together, ring Starcomm Limited on 
(0113) 294 0600. 


TRY IT NOW! CALL 0897 124 125 
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CASCADING 

OPERATIONAL AMPLIFIERS 
HE GAIN of an operational amplifier 
(Op.amp) can be very high — up to 

several million. Very few practical ap- 

plications call for such a high gain and 

it’s usual to reduce it by applying nega- 

tive feedback. 

This allows the gain to be set to 
any required figure below the “inner’ 
(open-loop) gain. It also increases the 
range of frequencies over which the 
gain is constant. 


The laws of physics dictate that noise 
is always present in practical circuits. 
The amount of noise depends on 
many factors, including temperature 
and bandwidth. In many practical ap- 
plications (audio, radio) it’s hard to 
make the noise at the input of an 
amplifier less than about a microvolt. 

lf the gain is one million then a 
microvolt at the input gives a volt at the 
output. To drown the noise the input 
signal should be a thousand times 
larger, say one millivolt. If this were 
amplified by a million the output would 
be a kilovolt. 

Nobody needs this much (not in the 
average home, at least) and in practice 
you can’t get it because the circuit 
overloads and limits the signals. In a 
word, practical, usable gains are rela- 
tively low. 

Reducing gain by negative feed- 
back can’t reduce the input noise but 
the output noise undergoes the same 
reduction as the gain. Let’s put in some 
numbers. 

An audio power amplifier may need 
an input signal of 100mV. A typical 
audio signal of 1mV then needs to be 
preamplified by 100. Some signals 
may be under 1mV but gains of more 
than 1000 are seldom needed. 


D.C. ERRORS 


Trouble can arise if the d.c. gain of an 
op.amp is high. The amplifier has two 
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input terminals (inverting (—) and non- 
inverting (+)). 

Ideally these should be at exactly 
the same d.c. voltage. In practice they 
aren't. There’s a difference, called the 
“input offset voltage”. 

For a cheap op.amp this might be 
5mV. This acts like a d.c. input signal 
and gets amplified. Thus a d.c. gain of 
1000 turns it into 5000mV (5V) at the 
output. 

This is a serious shift in level. It will at 
the very least limit the a.c. output volt- 
age swing and at worst may stop the 
amplifier from working at all. 

If your supply voltage is 5V then an 
attempt on the circuit’s part to shift the 
working point by the same amount just 
pushes the output as hard up to the 
supply rail voltage as it can go. Even 
much smaller d.c. shifts cause prema- 
ture overload and consequent peak 
clipping. Steps must be taken to keep 
the d.c. gain well below the a.c. gain. 


Fig. 7. Blocking capacitor C1 en- 
sures that d.c. negative feedback is 
maxinised. 


CAPACITIVE COUPLING 

The insertion of d.c. blocking 
Capacitors in a.c. paths can reduce the 
effective d.c. gain drastically. In Fig. 1 
capacitor C1 ensures that the full d.c. 
output voltage is fed back via resistor 
R2 to the inverting terminal. This 
reduces the d.c. gain to 1, which means 
that the d.c. error at the output is the 


R2 = 10R1 
(100k) 


R3 = R2 
(100k) 


same as at the input, which is normally 
negligible. 

In practice the improvement may not 
be as much as this simple reasoning 
predicts. There is an additional source 
of error in the shape of d.c. flowing in 
resistor R2. 

Some d.c. does flow! It’s the ‘input 
bias current” and though small it has an 
effect when R2 is large. 

In my tests, one of the four op.amps 
of an LM324 i.c. gave a shift in d.c. 
output voltage of 120mV when R2 was 
changed from zero to ten megohms 
(10M). This implies an input bias cur- 
rent of typical 12 nano-amps. How- 
ever, the LM324 data quote a typical 
bias current of 20nA (which would give 
200mV d.c. shift) and a maximum bias 
(at 25°C) of 250nA, which would give a 
nasty shift of 2-5V. 

A remedy is to insert equal resistance 
in the other input lead (shown dotted in 
Fig. 1). When | did so the additional d.c. 
error at the output fell to 14mV. 

In fact, 10M is ridiculously high for 
this op.amp. In real life you would use a 
much lower resistance or an op.amp 
with a much lower bias current, e.g. 
one with f.e.t. inputs. 

There is a price to be paid for 
using the low-resistance solution. To 
preserve the I.f. response capacitor C1 
must be made larger, increasing cost 
and bulk. 


SPACE SAVING 

Even if you don’t mind the cost, the 
space taken by blocking capacitors can 
be an embarrassment on a crowded 
circuit board. For this reason, as well as 
for cost reduction designers try to mini- 
mise the number of capacitors. 

The easiest way is to use op.amps 
with low offset voltage and low input 
bias current. Bias is small in f.e.t.-input 
amplifiers, but very low offset voltage 
calls for special chips which are expen- 
sive. Offsets down to about a microvolt 
are available, but they cost a lot more 
than the 30p (pence) or so you pay for 
an LM324. 

The simplest and cheapest way of 
connecting one op.amp to the next is 
direct coupling (Fig. 2). Here the volt- 
age error of the first stage is reduced 
by a combination of capacitive input 
coupling and resistance equalisation 
(R3). 

The resulting d.c. error at its output 
(shown here as 5mvV) is fed to the 
next stage. This amplifies it (tenfold) to 


R4 R5 = 10R4 
(10k) (100k) 


Fig. 2. One a.c. interstage coupling may be tolerable 
in terms of offset errors. 
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50mV but this may well be tolerable. 
Clearly, the situation is worsened if the 
second-stage gain is higher. 


MULTISTAGE FEEDBACK 

lf a gain of 1000 is required, 5mV 
input offset error becomes 5V output 
error if nothing is done about it. One 
possibility is to use overall d.c. feed- 
back to reduce the d.c. gain while leav- 
ing the a.c. gain at 1000. 

In Fig. 3 the three cascaded invert- 
ing stages produce overall inversion, 
hence d.c. feedback via resistors R7 
and R8 is negative. Signal frequencies 
are shunted off by capacitor C2. 

There is one unwanted effect. Opera- 
tion is delayed by a few seconds after 
switch-on, as C2 charges. If, to mini- 
mise the delay, C2 is reduced there is a 
reduction in gain at the low-frequency 
end. Compromise is necessary. 

For the record, | found that 10yuF 
gave a — 3db point at 300Hz and 100uF 
gave —3dB at 20Hz. To give bass cut 








Fig. 3. Overall d.c. feedback stabilises the whole amplifier. 


C2 can be made deliberately small, but 
may cause a hump in the I.f. response 
or even instability. 

My initial tests used the LM7324 but 


it is rather noisy. The TLO84 gave 
equally good results from the d.c. point 
of view (very small overall d.c. error) 
despite its poorer offset error. 





Model Fire Engine -— 
“Blue Wateln’” 


TILL on the theme of model vehicles, 
Sri 6 was designed as a circuit to add 
both a blue flashing light sequence plus a 
two-tone siren effect, to a model fire engine. 
IC1l is a quad NAND Schmitt trigger and 
ICla provides a low-frequency waveform 
which is inverted by IC1b. 

Thus, complementary outputs are obtained 
which drive transistors TRI and TR2. These 
driver transistors operate DI and D2 which 
are two blue |.e.d.s. The model had a blue 
translucent moulding on its roof and yielded 
a surprisingly realistic effect. 

The outputs from ICla and [C1b are also 
used to control gated astables IClc and IC1Id, 
which are set to oscillate at different fre- 
quencies to simulate a typical British two- 
tone siren sounded by WDI1, a piezo disc. 
Battery B1 should be an alkaline or recharge- 
able 9V type since the current consumption is 
relatively high. SI was a slide switch fitted 
on the rear of the vehicle. The sounder is 
optional! 

David Geary, 
Blackheath, London. 


Continued from page 712 





Fig. 6. Circuit for a blue /.e.d. flasher/siren tor a mode! fire engine. 
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DIRECT BOOK SERVICE 


INTRODUCING MICROPROCESSORS 

Mike Tooley B.A. (published by Everyday Practical 
Electronics) 

A complete course that can lead successful readers to 
the award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains everything 
you need to know including full details on registering for 
assessment, etc. 

Sections cover Microcomputer Systems, Microproces- 
sors, Memories, Input/Output, Interfacing and Program- 
ming. There are various practical assignments and eight 
Data Pages covering popular microprocessors. 

And excellent introduction to the subject even for those 
who do not wish to take the City and Guilds assessment. 


80 pages Order code TI-88/89 £2.45 


ELECTRONICS TEACH-IN No.6 

DESIGN YOUR OWN CIRCUITS 

(published by Everyday Practical Electronics) 

Mike Tooley B.A. 

This book is designed for the beginner and experienced 
reader alike, and aims to dispel some of the mystique 
associated with the design of electronic circuits. It shows 
how even the relative newcomer to electronics can, with 
the right approach, design and realise quite complex 
circuits. 

Fourteen individual p.c.b. modules are described which, 
with various detailed modifications, should allow anyone 
to design and construct a very wide range of different 
projects. Nine “hands-on” complete DIY projects have 
also been included so readers can follow the _ think- 
ing behind design, assembly, construction, testing and 
evaluation, together with suggested “mods” to meet 
individual needs. 

The subjects covered in each chapter of the book are: 
Introduction and Power Supplies; Small Signal Amplifiers; 
Power Amplifiers; Oscillators; Logic Circuits; Timers; 
Radio; Power Control; Optoelectronics. 

The nine complete constructional projects are: Ver- 
satile Bench Power Supply; Simple Intercom; Bench 
Ampilifier/Signal Tracer; Waveform Generator; Electronic 
Die; Pulse Generator; Radio Receiver; Disco Lights 
Controller; Optical Communications Link. 


136 pages Order code TI6 £3.45 


The books listed have. been selected by Everyday Practical 
Electronics editorial staff as being of special interest to 
everyone involved in electronics and computing. They are 
| SupENNE ny mail order to your door. Full ordering details are 


given on 06 ie last book page. 


TEACH-IN No. 7. plus FREE SOFTWARE 

ANALOGUE AND DIGITAL ELECTRONICS COURSE 
(published by Everyday Practical Electronics) 

Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE 

This highly acclaimed EPE Teach-/n series, which included 
the construction and use of the Mini Lab and Micro Lab 
test and development units, has been put together in 
book form. Additionally, EPT Educational Software have 
developed a GCSE Electronics software program to com- 
pliment the course and a FREE DISKC covering the first 
two parts of the course is included with the book. 

An interesting and thorough tutorial series aimed speci- 
fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts 
with fundamental principles. 

If you are taking electronics or technology at school 
or college, this book is for you. If you just want to 
learn the basics of electronics or technology you must 
make sure you see it. Teach-/n No. 7 will be invaluable 
if you are considering a career in electronics or even 
if you are already training in one. The Mini Lab and 
software enable the construction and testing of both 
demonstration and development circuits. These learn- 
ing aids bring electronics to life in an enjoyable and 





RADIO / TV / VIDEO 





ELECTRONIC PROJECTS FOR VIDEO 

ENTHUSIASTS 

R. A. Penfold 

This book provides a number of practical designs for 
video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including stripboard layouts and wiring dia- 
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 

The projects covered in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply unit. 


109 pages £4.98 


SETTING UP AN AMATEUR RADIO STATION 

I. D. Poole 

The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the ex- 
perience which is needed is learned by one’s mistakes, 
however, this can be expensive. To help overcome this, 
guidance is given on many aspects of setting up and 
running an efficient station. It then proceeds to the 
steps that need to be taken in gaining a full transmitting 
licence. 

Topics covered include: The equipment that is 
needed; Setting up the shack; Which aerials to use; 
Methods of construction; Preparing for the licence. 

An essential addition to the library of all those taking 
their first steps in amateur radio. 


86 pages Order code BP300 £3.95 


EXPERIMENTAL ANTENNA TOPICS 

H. C. Wright 

Although nearly a century has passed since Marconi's first 
demonstration or radio communication, there is still re- 
search and experiment to be carried out in the field of 
antenna design and behaviour. 

The aim of the experimenter will be to make a 
measurement or confirm a principle, and this can be done 
with relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of 
cardboard, cooking foil, plastic bottles, cat food tins, etc. 
These materials are, in general, cheap to obtain and easily 
worked with simple tools, encouraging the trial-and-error 
philosophy which leads to innovation and discovery. 

Although primarily a practical book with text closely 
supported by diagrams, some formulae which can be 
used by straightforward substitution and some simple 
graphs have also been included. 


72 pages Order code BP278 £3.50 


25 SIMPLE INDOOR AND WINDOW AERIALS 

E. M. Noll 

Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or 
a lack of garden space etc. prevents aerials from being 
erected. This does not mean you have to forgo shortwave 
listening, for even a 20-foot length of wire stretched out 
along the skirting board of a room can produce accept- 
able results. However, with some additional effort and ex- 
perimentation one may well be able to improve perfor- 
mance further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. 

Much information is also given on shortwave bands, aerial 
directivity, time zones, dimensions etc. 


50 pages Order code BP136 £1.75 
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interesting way: you will both see and hear the electron 
in action! The Micro Lab microprocessor add-on system 
will appeal to higher level students and those develop- 
ing microprocessor projects. 


160 pages Order code TI7 £3.95 


ELECTRONIC PROJECTS BOOK 1 

(published by Everyday Practical Electronics in 
association with Magenta Electronics) 

Contains twenty projects from previous issues of FE 
each backed with a kit of components. The projects 
are: Seashell Sea Synthesizer, EE Treasure Hunter, 
Mini Strobe. Digital Capacitance Meter, Three-Channel 
Sound to Light, BBC 16K sideways RAM, Simple Short 
Wave Radio, Insulation Tester, Stepper Motor Interface, 
Eprom Eraser, 200MHz Digital Frequency Meter, Infra 
Red Alarm, EE Equaliser, loniser, Bat Detector, Acoustic 
Probe, Mainstester and Fuse Finder, Light Rider — (Lapel 
Badge, Disco Lights, Chaser Light), Musical Doorbell, 
Function Generator, Tilt Alarm, 10W Audio Amplifier, EE 
Buccaneer Induction Balance Metal Detector, BBC Midi 
Interface, Variable Bench Power Supply, Pet Scarer, 
Audio Signal Generator. 


128 pages Order code EP1 £2.45 


PROJECT 


COSTRUCTION 





TEST EQUIPMENT CONSTRUCTION 
R. A. Penfold 
This book describes in detail how to construct some 
simple and inexpensive but extremely useful, pieces of 
test equipment. Stripboard layouts are provided for 
all designs, together with wiring diagrams where ap- 
propriate, plus notes on construction and use. 

The following designs are included:- 
AF Generator, Capacitance Meter, Test Bench Amplifier, 
AF Frequency Meter, Audio Mullivoltmeter, Analogue 
Probe, High Resistance Voltmeter, CMOS Probe, Transis- 
tor Tester, TTL Probe. 

The designs are suitable for both newcomers and more 
experienced hobbyists. 


104 pages Order code BP248 £3.99 
A BEGINNER'S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 

R. A. Penfold 


The purpose of this book is to provide practical informa- 
tion to help the reader sort out the bewildering array of 
components currently on offer. An advanced knowledge 
of the theory of electronics is not needed, and this book is 
not intended to be a course in electronic theory. The main 
aim is to explain the differences between components of 
the same basic type (e.g. carbon, carbon film, metal film, 
and wire-wound resistors) so that the right component for 
a given application can be slected. A wide range of com- 
ponents are included, with the emphasis firmly on those 
components that are used a great deal in projects for the 


home constructor. 
Order code BP285 £3.95 


166 pages 

HOW TO DESIGN AND MAKE YOUR OWN PC.B.s 

R. A. Penfold 

Deals with the simple methods of copying printed circuit 
board designs from magazines and books, and covers 
all aspects of simple p.c.b. construction mating photo- 
graphic methods and designing your own p.c.b.s 


80 pages £2.50 
AUDIO AMPLIFIER CONSTRUCTION 
R. A. Penfold 


The purpose of this book is to provide the reader with a 
wide range of preamplifier and power amplifier designs 
that will, it is hoped, cover most normal requirements. 

The preamplifier circuits include low noise microphone 
and RIAA types, a tape head preamplifier, a guitar 
preamplifier and various tone controls. The power 
amplifier designs range from low power battery operation 
to 100W MOSFET types and also include a 12 volt bridge 
amplifier capable of giving up to 18W output. 

All the circuits are relatively easy to construct using the 
p.c.b. or stripboard designs given. Where necessary any 
setting-up procedures are described, but in most cases no 
setting-up or test gear is required in order to successfully 
complete the project. 


100 pages £2.95 
DESIGN YOUR OWN CIRCUITS 


See ELECTRONICS TEACH IN No. 6 above left. 
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TRANSISTOR DATA TABLES 

Hans-Ginther Steidle 

The continually growing number and variety of semicon- 
ductor components mean ever greater problems for the 
user. It is difficult to gain an overall picture of the types 
which may be suitable for a particular application, from 
those currently available. However, as a starting point, the 
electrical parameters of a device are usually sufficient. 

The tables in this book contain information about the 
package shape, pin connections and basic electrical data for 
each of the many thousands of transistors listed. The data 
includes maximum reverse voltage, forward current and 
power dissipation, current gain and forward transadmittance 
and resistance, cut-off frequency and details of applications. 

A book of this size is of necessity restricted in its scope, 
and the individual transistor types cannot therefore be 
described in the sort of detail that maybe found in some 
larger and considerably more expensive data books. How- 
ever, the list of manufacturers’ addresses will make it 
‘easier for the prospective user to obtain further informa- 
tion, if necessary. 

Lists over 8,000 different transistors, including f.e.t.s. 


200 pages Order code BP401 £5.95 
ELECTRONIC TEST EQUIP- 
ELECTRONIC MENT HANDBOOK 


Steve Money 
The principles of operation 
of the various types of 
test instrument are ex- 
plained in simple terms 
with a minimum of mathe- 
matical analysis. The book 
covers analogue and digi- 
tal meters, bridges, oscillo- 
scopes, signal generators, 
counters, timers and _ fre- 
quency measurement. The 
practical uses of the instru- 
ments are also examined. 
Everything from Oscilla- 
tors, through R, C & L 
measurements (and much 
more) to Waveform Gener- 
ators and testing Zeners. 


Order code PC109 £8.95 


A REFERENCE GUIDE TO BASIC ELECTRONICS TERMS 
F. A. Wilson, C.G.1.A., C.Eng., F1.E.E., F.ILE.R.E., 
F.B.1.M. 
The wonders of electronics multiply unceasingly and 
electronic devices are creeping relentlessly into all walks 
of modern life. As with most professions, ours too has a 
language of its own, ever expanding and now encompass- 
ing several thousands of terms. This book picks out and 
explains some of the more important fundamental terms 
(over 700), making the explanations as easy to understand 
as can be expected of a complicated subject and avoiding 
high-level mathematics. 

Through its system of references, each term is backed up 
by a list of other relevant or more fundamental terms so that 
a chosen subject can be studied to any depth required. 


472 pages Order code BP286 £5.95 


GETTING THE MOST FROM YOUR MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and- those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis- 
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and con- 
tinuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


TEST EQUIPMENT 
Handbook. 


Stave Money 





206 pages 


96 pages Order code BP239 £2.95 
ELECTRONICS-BUILD AND LEARN 
R. A. Penfold 


The first chapter gives full constructional details of a cir- 
cuit demonstrator unit that is used in subsequent chapters 
to introduce common electronic components -— resistors, 
capacitors, transformers, diodes, transistors, thyristors, fets 
and op.amps. Later chapters go on to describe how these 
components are built up into useful circuits, oscillators, 
multivibrators, bistables and logic circuits. 

At every stage in the book there are practical tests and 
experiments that you can carry out on the demonstrator unit 
to investigate the points described and to help you under- 
stand the principles involved. You will soon be able to go on 
to more complex circuits and tackle fault finding logically in 
other circuit you build. 


120 pages £6.95 
NEWNES ELECTRONICS TOOLKIT 
Geoff Phillips 


The author has used his 30 years experience in industry 
to draw together the basic information that is constantly 
demanded. Facts, formulae, data and charts are presented 
to help the engineer when designing, developing, evaluat- 
ing, fault finding and repairing electronic circuits. The result 
is this handy workmate volume: a memory aid, tutor and 
reference source which is recommended to all electronics 
engineers, students and technicians. 

Have you ever wished for a concise and comprehen- 
sive guide to electronics concepts and rules of thumb? 
Have you ever been unable to source a component, or 
choose between two alternatives for a particular applica- 
tion? How much time do you spend searching for basic 
facts or manufacturer's specifications? This book is the 
answer, it covers resistors, capacitors, inductors, semicon- 
ductors, logic circuits, EMC, audio, electronics and music, 
telephones, electronics in lighting, thermal considerations, 
connections, reference data. 


158 pages Order code NE20 £12.95 
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TESTING, THEORY, DATA AND REFERENCE 


MORE ADVANCED USES 
OF THE MULTIMETER 
R. A. Penfold 
This book is primarily in- 
tended as a follow-up to 
BP239, (see below), and 
should also be of value to 
anyone who already under- 
stands the basics of voltage 
testing and simple com- 
ponent testing. By using 
the techniques described in 
Chapter 1 you can _ test 
and analyse the perfor- 
mance of a range of com- 
ponents with just a multi- 
meter (plus a very few 
inexpensive components in 
some cases). Some useful 
quick check methods are 
also covered. 

While a multimeter is supremely versatile, it does have its 
limitations. The simple add-ons described in Chapter 2 ex- 
tended the capabilities of a multimeter to make it even more 


useful. 
Order code BP265 £2.95 


84 pages 
PRACTICAL ELECTRONICS CALCULATIONS 
AND FORMULAE 
F. A. Wilson, C.G.1.A., C.Eng., FI-E.E., FILE.R.E., 
FB.1.M. 
Bridges the gap between complicated technical theory, and 
“cut-and-tried’” methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical 
bias — tedious and higher mathematics have been avoided 
where possible and many tables have been included. 

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 


Measurements. 
Order code BP53 £3.95 


256 pages 

AN INTRODUCTION TO LIGHT IN ELECTRONICS 

F. A. Wilson 

Marconi first bridged the Atlantic with radio waves, then 
of a mere 200 kilohertz. Since then for communication we 
have moved up the frequency scale through megahertz 





and microwaves and are now probing light waves. Ac- 
cordingly no self-respecting electronics engineer can af- 
ford not to be conversant with light and its uses in elec- 
tronics since development of opto-electronic devices and 
communication systems is proceeding at a truly explosive 
rate. 

This book is not for the expert but neither is it for the 
completely uninitiated. It is assumed the reader has some 
basic knowledge of electronics. After dealing with sub- 
jects like Fundamamentals, Waves and Particles and The 
Nature of Light such things as Emitters, Detectors and 
Displays are discussed. Chapter 7 details four different 
types of Lasers before concluding with a chapter on Fibre 


Optics. 

161 pages Order code BP359 £4.95 
PRACTICAL ELECTRONIC DESIGN DATA 

Owen Bishop 


This book is a comprehensive ready-reference manual for 
electronics enthusiasts of all levels, be they hobbyists, 
students or professionals. A helpful major section covers 
the main kinds of component, including surface-mounted 
devices. For each sort, it lists the most useful and readily 
available types, complete with details of their electronic 
characteristics, pin-outs and other essential information. 
Basic electronic units are defined, backed up by a 
compendium of the most often required formulae, fully 
explained. There are five more extensive sections devoted 
to circuit design, covering analogue, digital, radio, display, 
and power supply circuits. Over 150 practical circuit 
diagrams cover a broad range of functions. The reader is 
shown how to adapt these basic designs to a variety of 
applications. Many of the circuit descriptions include 
step-by-step instructions for using most of the standard 
types of integrated circuit such as operational amplifiers, 
comparators, filters, voltage converters and switched- 
mode power supply devices, as well as the principal logic 
circuits. 
328 pages 


INTERNATIONAL TRANSISTOR EQUIVALENTS 

GUIDE 

A. Michaels 

Helps the reader to find possible substitutes for a popular 
selection of European. American and Japanese transistors. 
Also shows material type, polarity, manufacturer and use. 


320 pages Order code BP85 £3.95 


Temporarily out of print 


COMPUTING 





WINDOWS 95 EXPLAINED 

P.R. M. Oliver and N. Kantaris 

If you would like to get up and running, as soon as pos- 
sible, with the new Windows 95 operating system, then 
this is the book for you. 

The book was written with the non-expert, busy person 
in mind. It explains the hardware that you need in order to 
run Windows 95 successfully, and how to install and op- 
timize your system’s resources. It presents an overview of 
the Windows 95 environment. 

Later chapters cover how to work with programs, 
folders and documents; how to control Windows 95 and 
use the many accessories that come with it; how to use 
DOS programs and, if necessary, DOS commands and 
how to communicate with the rest of the electronic world. 


170 pages Order code BP400 £5.95 
INTERFACING PCs AND COMPATIBLES 
R. A. Penfold 


Once you know how, PC interfacing is less involved than 
interfacing many eight-bit machines, which have tended 
to use some unusual interfacing methods. 

This book gives you: A detailed description of the lines 
present on the PC expansion bus. A detailed discussion of 
the physical characteristics of PC expansion cards. The 
/O map and details of the areas where your add-on can 
be fitted. A discussion of address decoding techniques. 
Practical address decoder circuits. Simple TTL 8-bit input 
and output ports. Details of using the 8255 parallel inter- 
face adaptor. Digital to analogue converter circuits. In fact 
everything you need to know in order to produce success- 


ful PC add-ons. 
Order code BP272 £3.95 


80 pages 

HOW TO CHOOSE A SMALL BUSINESS 

COMPUTER SYSTEM 

D. Weale 

This book is for anyone intending to buy an IBM com- 
patible computer system, whether it is their first system or 
a replacement. There are sections on hardware, applica- 
tion and systems programs, and how to actually make 
your choice as well as sections on the law, ergonomics 
and a glossary of common terms. The text contains many 
useful tips and some warnings (which could save much 
effort and expense). After having read this book you 
should have a better idea of what is suitable for your 
needs, how to obtain it and how to ensure that the system 
is operated with the minimum of difficulty. 


144 pages Order code BP323 £4.95 


HOW TO EXPAND, MODERNISE AND REPAIR PCs 
AND COMPATIBLES (Revised Edition) 
R. A. Penfold 
Not only are PC and compatible computers very expan- 
dable, but before long most users actually wish to take 
advantage of that expandability and start upgrading their 
PC system. Some aspects of PC upgrading can be a bit 
confusing, but this book provides advice and guidance on 
the popular forms of internal PC expansion, and should 
help to make things reasonably straightforward and pain- 
less. Little knowledge of computing is assumed. The only 
assumption is that you can operate a standard PC of some 
kind (PC, PC XT, PC AT, or an 80386 based PC). 

The subjects covered include: PC overview; Memory 
upgrades; Adding a hard disk drive; Adding a floppy disk 
drive; Display adaptors and monitors; Fitting a maths 


co-processor; Keyboards; Ports; Mice and digitisers; 
Maintenance (including preventative maintenance) and 
Repairs, and the increasingly popular subject of d.i.y. PCs. 


156 pages Order code BP271 £5.95 


THE PRE-BASIC BOOK 

F. A. Wilson, C.G.1.A., C.ENG., F.1.E.E., F.LE.R.E., 

F.B.1.M. 

Another book on BASIC but with a difference. This one 
does not skip through the whole of the subject and 
thereby leave many would-be programmers floundering 
but instead concentrates on introducing the technique by 
looking in depth at the most frequently used and more 
easily understood computer instructions. For all new and 


potential micro users. 
Order code BP146 £2.95 


192 pages 

SERVICING PERSONAL 
COMPUTERS - 
3rd EDITION 
Mike Tooley BA 
The revised and enlarged 
third edition contains a 
new chapter on servicing 
68000 based microcom- 
puters. It has been 
updated throughout and 
includes many new photos 
and diagrams. It is 
essential for anyone 
concerned’ with the 
maintenance’ of _ per- 
sonal computer equip- 
ment or _ peripherals, 
whether professional serv- 
ice technician, student or 
enthusiast. 





240 pages Order code NE15 £25 
EASY PC INTERFACING 
R. A. Penfold 


PCs and compatibles are the ‘standard’ choice for 
anyone who is interested in practically any aspect of 
computing, including those who like to experiment with 
do-it-yourself hardware addons. Although the _ internal 
expansion slots provide full access to the computer's 
buses, and are suitable for user add-ons, making your 
own expansion cards requires a fair amount of expertise 
and equipment. The built-in ports provide what is often a 
much easier and hassle-free way of interfacing your own 
circuits to a PC. In particlar, a PC printer port plus a small 
amount of external hardware provides a_ surprisingly 
versatile input/output port. The PC “games” port is less 
useful for general interfacing purposes, but it can be 
useful in some applications. 

This book provides a number of useful PC add-on 
circuits including the following: Digital input/output ports; 
Analogue to digital converter; Digital-to-Analogue Con- 
verter; Voltage and current measurement circuits; Resis- 
tance meter; Capacitance meter; Temperature measure- 
ment interface; Biofeedback monitor; Constant voltage 
model train controller; Pulsed model train controllers; 
Position sensor (optical, Hall effect, etc.); Stepper motor 
interface; Relay and LED drivers; Triac mains switching 


interface. 
179 pages Order code BP385 £4.95 
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CIRCUITS AND DESIGN 





REMOTE CONTROL HANDBOOK (Revised Edition) 

Owen Bishop 

Remote control systems lend themselves to a modular 
approach. This makes it possible for a wide range of 
systems, from the simplest to the most complex, to be 
built up from a number of relatively simple modules. The 
author has tried to ensure that, as far as possible, the 
circuit modules in this book are compatible with one 
another. They can be linked together in many different 
configurations to produce remote control systems tailored 
to switch a table lamp on and off, or to operate an 
industrial robot, this book should provide the circuit you 


require. 
Order code BP240 £3.95 


240 pages 

COIL DESIGN AND CONSTRUCTIONAL MANUAL 

B. B. Babani 

A complete book for the home constructor on “how to 
make” RF, IF, audio and power coils, chokes and trans- 
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 


96 pages Order code 160 £3.95 


PRACTICAL ELECTRONICS HANDBOOK - 

Fourth Edition. lan Sinclair 

Contains all of the everyday information that anyone 
working in electronics will need. 

It provides a practical and comprehensive collection 
of circuits, rules of thumb and design data for profes- 
sional engineers, students and enthusaists, and there- 
fore enough background to allow the understanding and 
development of a range of basic circuits. 

Contents: Passive components, Active discrete com- 
ponents, Discrete component circuits, Sensing com- 
ponents, Linear |.C.s, Digital |.C.s, Microprocessors and 
microprocessor systems, Transferring digital data, Digital- 
analogue conversions, Computer aids in electronics, 
Hardware components and practical work, Standard 
metric wire table, Bibliography, The HEX scale, Index. 


440 pages Order code NE21 £12.99 
AUDIO IC CIRCUITS MANUAL 
R. M. Marston 


A vast range of audio and audio-associated i.c.s are 
readily available for use by amateur and professional 
design engineers and technicians. This manual is a 
guide to the most popular and useful of these devices, 
with over 240 diagrams. It deals with i.c.s such as low 
frequency linear amplifiers, dual pre-amplifiers, audio 
power amplifiers, charge coupled device delay lines, 
bar-graph display drivers, and power supply regulators, 
and shows how to use these devices in circuits ranging 
from simple signal conditioners and filters to com- 
plex graphic equalizers, stereo amplifier systems, and 
echo/reverb delay lines etc. 


168 pages £13.95 
50 CIRCUITS USING GERMANIUM, SILICON AND 
ZENER DIODES 

R. N. Soar 


Contains 50 interesting and useful circuits and applications, 
covering many different branches of electronics, using one 
of the most simple and inexpensive of components — the 
diode. Includes the use of germanium and silicon signal 
diodes, silicon rectifier diodes and Zener diodes, etc. 


64 pages Order code BP36 £1.95 


A BEGINNERS GUIDE TO CMOS DIGITAL ICs 
R. A. Penfold 
Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world” applications. 

The topics covered in this book include: the basic con- 
cepts of logic circuits; the functions of gates, inverters and 





the required postage to the total order. 


time for surface mail post. 





DIRECT BOOK SERVICE 
ORDERING DETAILS 


Please state the title and order code clearly, print your name and address and add 


Our postage price is the same no matter how many books you order, just add 
£1.50 to your total order for postage and packing (overseas readers add £3 for 
countries in the EEC, or add £6 for all countries outside the EEC, surface mail 
postage) and send a PO, cheque, international money order (£ sterling only) — 
made payable to Direct Book Service or credit card details (including card expiry 
date), Visa or Mastercard — minimum credit card order is £5 — quoting your name 
and address, the order code and quantities required to DIRECT BOOK SERVICE, 
33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW (mail order only). 

Although books are normally sent within seven days of receipt of your order, 
please allow a maximum of 28 days for delivery. Overseas readers allow extra 


Please check price and availability (see latest issue of Everyday Practical 
Electronics) before ordering from old lists. 
For a further selection of books see next month’s issue. 


DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. 
Tel 01202 881749 Fax 01202 814692 


other logic ‘building blocks’’; CMOS logic i.c. characteris- 
tics, and their advantages in practical circuit design; oscil- 
lators and monostables (timers); flip/flops, binary dividers 
and binary counters; decade counters and display drivers. 

The emphasis is on a practical treatment of the subject, 
and all the circuits are based on “real’’ CMOS devices. A 
number of the circuits demonstrate the use of CMOS logic 
i.c.s in practical applications. 


119 pages Order code BP333 £4.95 


TIMER/GENERATOR 
CIRCUITS MANUAL 
R. M. Marston 

This manual is 
concerned = mainly 
with waveform gener- 
ator techniques and 
circuits. Waveform 
generators are used 
somewhere or other 
in most types of 
electronic equipment, 
and thus form one of 
the most widely used 
classes of circuit. 
They may be 
designed to produce 
outputs. with _ sine, 
square, triangle, 
ramp, pulse, staircase, 
or a variety of other 
forms. The generators 
may produce mod- 
ulated or unmodu- 
lated outputs, and the 
outputs may be of single or multiple form. 

Waveform generator circuits may be built using tran- 
sistors, Op.amps, standard digital i.c.s, or dedicated 
waveform or “function” generator i.c.s. 

The manual is divided into eleven chapters, and 


TIMER ¢ na ple 


presents over 300 practical circuits, diagrams and tables. 
The subjects covered include: Basic principles; Sine 
wave generators; Square wave generators; Pulse gener- 
ator circuits; ‘Timer i.c.” generator circuits; Triangle 
and sawtooth generators; Multi-waveform generation; 
Waveform synthesizer i.c.s; Special waveform generators; 
Phaselocked loop circuits; Miscellaneous “555” circuits. 


267 pages Order code NE18 £13.95 
OPTOELECTRONICS CIRCUITS MANUAL 
R. M. Marston 


A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as the 
electronics student and amateur. It deals with the subject 
in an easy-to-read, down-to-earth, and non-mathematical 
yet comprehensive manner, explaining the basic prin- 
ciples and characteristics of the best known devices, and 
presenting the reader with many practical applications 
and over 200 circuits. Most of the i.c.s and other devices 
used are inexpensive and readily available types, with 
universally recognised type numbers. 


182 pages Order code NE14 £13.95 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 

R. A. Penfold 

The first part of this book covers standard operational 
amplifer based ‘building blocks’’ (integrator, precision 
rectifier, function generator, amplifiers, etc), and con- 
siders the ways in which modern devices can be used 
to give superior performance in each one. The second 
part describes a number of practical circuits that exploit 
modern operational amplifiers, such as high slew-rate, 
ultra low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA 
preamplifier, audio power amplifiers, d.c. power con- 
trollers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signal gener- 
ator, simple video fader, and many more. 


120 pages Order code BP335 £4.95 


AUDIO AND MUSIC 


INTRODUCTION TO DIGITAL AUDIO 

(Second Edition) 

lan Sinclair 

Digital recording methods have existed for many years 
and have become familiar to the professional recording 
engineer, but the compact disc (CD) was the first device to 
bring audio methods into the home. The next step is the 
appearance of digital audio tape (DAT) equipment. 

All this development has involved methods and circuits 
that are totally alien to the technician or keen amateur 
who has previously worked with audio circuits. The prin- 
ciples and practices of digital audio owe little or nothing 
to the traditional linear circuits of the past, and are much 
more comprehensible to today’s computer engineer than 
the older generation of audio engineers. 

This book is intended to bridge the gap of understand- 
ing for the technician and enthusiast. The principles and 
methods are explained, but the mathematical background 
and theory is avoided, other than to state the end product. 


128 pages Order code PC102 £7.95 


PROJECTS FOR THE ELECTRIC GUITAR 

J. Chatwin 

This book is for anyone interested in the electric guitar. It 
explains how the electronic functions of the instrument 
work together, and includes information on the various 
pickups and transducers that can be fitted. There are com- 
plete circuit diagrams for the major types of instrument, 
as well as a selection of wiring modifications and pickup 
switching circuits. These can be used to help you create 
your own custom wiring. 
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Along with the electric guitar, sections are also in- 
cluded relating to acoustic instruments. The function of 
specialised piezoelectric pickups is explained and there 
are detailed instructions on how to make your own 
contact and bridge transducers. The projects range from 
simple preamps and tone boosters, to complete active 
controls and equaliser units. 


92 pages Order code BP358 £4.95 


AUDIO 

F. A. Wilson, C.G.1.A., C.Eng., F1.E.E., F.1.E.R.E., 

F.B.I.M. 

Analysis of the sound wave and an explanation of acousti- 
cal quantities prepare the way. These are followed by a 
study of the mechanism of hearing and examination of 
the various sounds we hear. A look at room acoustics with 
a subsequent chapter on microphones and loudspeakers 
then sets the scene for the main chapter on audio systems 
— amplifiers, oscillators, disc and magnetic recording and 
electronic music. 


320 pages Order code BP111 £3.95 | 
MIDI SURVIVAL GUIDE 
Vic Lennard 


Whether you're a beginner or a seasoned pro, the MIDI 
Survival Guide shows you the way. No maths, no MIDI 
theory, just practical advice on starting up, setting up 
and ending up with a working MIDI system. 

Over 40 cabling diagrams. Connect synths, sound 
modules, sequencers, drum machines and multitracks. 
How to budget and buy secondhand. Using switch, 
thru. and merger boxes. Transfer songs between 
different sequencers. Get the best out of General MIDI. 
Understand MIDI implementation charts. No MIDI 


theory. 
Order code PC111 £6.95 


104 pages 

PRACTICAL ELECTRONIC MUSICAL 

EFFECTS UNITS 

R. A. Penfold 

This book provides practical circuits for a number of 
electronic musical effects units. All can be built at rela- 
tively low cost, and use standard, readily available com- 
ponents. The projects covered include: Waa-Waa Units; 
Distortion Units; Phaser; Guitar Envelope Shaper; 
Compressor; Tremolo Unit; Metal Effects Unit; Bass 
and Treble Boosters; Graphic Equaliser; Parametric 
Equaliser. The projects cover a range of complexities, 
but most are well within the capabilities of the average 
electronics hobbyist. None of them require the use of 
test equipment and several are suitable for near 


beginners. 

102 pages Order code BP368 £4.95 
LOUDSPEAKERS FOR MUSICIANS 

Vivan Capel 


This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on construct- 
ing cabinets, wiring up, when and where to use wad- 
ding, and when not to, what fittings are available, finish- 
ing, how to ensure they travel well, how to connect 
multi-speaker arrays and much more. 

Ten practical enclosure designs with plans and com- 
ments are given in the last chapter, but by the time 
you've read that far you should be able to design your 


own! 
164 pages Order code BP297 . £3.95 
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We now supply a// the books published by Bernard Babani (Publishing) Our customers tell us they appreciate our speedy service and low 
Ltd. We have always supplied a selected list of Babani books and you will postage charge and they would like to be able to purchase all the 
find many of them described on the previous pages or in next month’s issue books from us and thus keep the postage charge to an absolute mini- 
of Everyday Practical Electronics (all books with a BP prefix to the order mum (£1.50 for UK p&p no matter how many books you buy). We 
code are Babani books). Many readers have asked us to also supply are pleased to be able to respond; we are now able to meet all your 
various other Babani books, which have a reputation for value for money. requirements for Babani books. 
Code Title Price Code Title Price Code Title Price 
BP37 50 Projects using Relays, SCRs and TRIACs £2.95 BP292 Public Address Loudspeaker Systems £3.95 BP350_ Electronic Board Games £4.95 
BP44  1C 555 Projects £2.95 BP293 An Introduction to Radio Wave Propagation £3.95 BP351 WordPerfect 6 Explained £5.95 
BP48 Electronic Projects for Beginners £1.95 BP294 A Concise Introduction to Microsoft BP352 Excel 5 Explained £5.95 
BP76 Power Supply Projects - £3.99 Works (revised edition) £4.95 BP353 WordPerfect 6.0 for Windows Explained £5.95 
BP78 Practical Computer Experiments £1.75 BP298 fs poles Introduction to the Mac System saan BP354 Word 6 for Windows Explained £5.95 
BP90 = Audio Projects £2.50 bie : BP357 A Concise Introduction to Pressworks £5.95 
BP301 Antennas for VHF and UHF £4.95 ; 
BP115 The Pre-computer Book £1.95 ; , BP360 A Practical Introduction to Sage Sterling +2 
; : BP305 Learning CAD with AutoSketch for Windows = £5.95 for Windows £4.95 
eee pais BP306 A Concise Intoduction to AmiPro 3 £5.95 ; " pune e cele! 
pee So clipe Mn yiOamaan| Pal hels ee BP311 An Introduction to Scanners and Scannin £4.99 olin well Moet ions os ee 
BP144 Further Practical Electronics Calculations ? BP362 Access One Step at a Time £4.95 
& Formulae £5.95 BP312 An Introduction to Microwaves £3.95 BP363 Practical Electronic Music Projects £4.95 
BP145 25 Simple Tropical and MW Band Aerials £1.75 BP313 A Concise Introduction to Sage £3.95 BP364 A Concise Introduction to Designworks 2 £5.95 
BP147 An Introduction to 6502 Machine Code £2.95 | _BP315 An Introduction to the Electromagnetic Wave == £4.95 BP367 Electronic Projects for the Garden £4.95 
BP171 Easy Add-on Projects for Amstrad CPC BP317 Practical Electronic Timing £4.95 BP370 The Superhet Radio Handbook £4.95 
464, 664, 6128 and MSX Computers ’ £2.95 BP320 Electronic Projects for Your PC £3.99 BP372 CA-SuperCalc for Windows Explained £5.95 
BP182 MIDI Projects £2.95 BP324_ The Art of Soldering £3.95 BP373 An Introduction to Networks for PC and 
BP192 More Advanced Power Supply Projects £2.95 BP325 A Concise Users Guide to Windows 3.1 £4.95 Mac Users £5.95 
BP193 LOGO for Beginners £2.95 BP326_ An Introduction to Satellite Communications £5.95 BP375 The Novice Radio Amateurs Examination 
BP198 An Introduction to Antenna Theory 0.0.P. BP327 DOS One Step at a Time (covers Version 6.2) £4.99 Handbook £4.95 
BP245 Digital Audio Projects £2.95 BP328 Sage Explained £5.95 BP380 Advanced Projects For The Electric Guitar £4.99 
BP246 Musical Applications of the Atari ST's £5.95 BP329 Electronic Music Learning Projects £4.95 BP385 Easy PC Interfacing = £4.95 
BP249 More Advanced Test Equipment Construction £3.50 BP330 A Concise User's Guide to Lotus 1-2-3 BP387 Windows One Step at a Time £4.95 
BP250 Programming in FORTRAN 77 £4.95 Release 2.4 £4.95 BP388 Why Not Personalise Your PC £4.95 
BP251 Computer Hobbyists Handbook £5.95 BP331 A Beginners Guide to MIDI £4.95 BP389 Power Point for Windows Explained £5.95 
BP258 Learning to Program in C (revised edition) £4.95 BP334 Magic Electronics Projects £4.95 BP393 Practical Oscillator Circuits £4.99 
BP259 AConcise Introduction to UNIX — BP336 A Concise Users Guide to Lotus1-2-3 BP396 Electronics Hobbyists Data Book £5.95 
Revised Edition £4.95 Release 3.4 £5.95 BP398 Sage Instant Accounting Explained £5.95 
BP261 A ten to Lotus 1-2-3 iis BP337 at och ll Guide to Lotus1-2-3 £5.95 BP399 Windows '95 One Step at a Tlme £4.95 
revised eaition ° . ‘ : 
BP262 A Concise Sr usin to WordPerfect BP341 MS-DOS 6 Explained (covers V6.2) £5.95 sis shila Sorel anata an 
(revised edition) £3.95 BP343 A Concise Introduction to Microsoft . 
BP264 A Concise Advanced User's Guide to MS-DOS Works for Windows £5.95 rade Mes = OWeg Crea ee ate ine asa 
(revised edition — covers version 6.2) £4.95 BP345 Getting Started in Practical Electronics £4.95 BP403_ The Internet and World Wide Web Explained £5.95 
BP273 Practical Electronic Sensors £4.95 BP346 Programming in Visual BASIC for Windows £5.95 BP405 MS Works for Windows 95 explained £5.95 
BP274 A Concise Introduction to SuperCalc5 £4.95 BP349 Practical Opto-Electronic Projects £4.95 BP409 MS Office 95 one step ata time £6.99 
BP276 Short Wave Superhet Receiver Construction £2.95 PRANTL 90 2 Met, IER REE EL EASE EA EAA LE EERE IONE SEA I ED TE TCL LLL LODE ADELE LILE LA LAE LIED ELE GLEE ILI AEP ERLANG NTE ATE GILL LIED, 
BP281 An Induction to UHF/VHF for Radio Amateurs £4.99 IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P.) 
BP284 Programming in QuickBASIC £4.95 SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS 





PROJECT TITLE Order Code 


Experimental Electronic Pipe Descaler Sule: k} 


£5.50 
Visual Doorbell MAR’94 863 £5.80 
CCD TV Camera — Control Board 
(double-sided, plated-through-hole) 865 £15.00 
864 


Printed circuit boards for certain EPE constructional projects are available from the § Telephone Ring Detector APR'94 





PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and CCD TV Camera ; 
roller tinned. All prices include VAT and postage and packing. Add £1 per board Combined Video, Test & Ext Plug Boards 866a/e 
for airmail outside of Europe. Remitances should be sent to The PCB Service, Frame Grab Control (double-sided p.t.h.) 867 


Everyday Practical Electronics, Allen House, East Borough, Wimborne, Dorset | EPE SounDAC PC Sound Board 868 
BH21 1PF. Tel: 01202 881749. Cheques should be crossed and made payable to L.E.D. Matrix Message Display Unit BDAY 
Everyday Practical Electronics (Payment in £ sterling only). Display Board a 


NOTE: While 95% of our boards are held in stock and are dispatched within CPU Board 

seven days of receipt of order, please allow a maximum of 28 days for St Noise Gat 

delivery — overseas readers allow extra if ordered by surface mail. Simple TENS On . 

as beet - eet ae ag of articles are available if required — see the Capacitance/Inductance Meter 

Please check price and availability in the latest issue. Advanced TENS Unit JUN’94 
Boards can only be supplied on a payment with order basis. Digital Water Meter — Scaler 


Special KNOCK DOWN SALE of PcBs. =o 


L.E.D. Matrix Message Display Unit 
Keypad 
We have a few p.c.b.s left from past projects pepinberiace 
Ww P.C.D. p pro} Microprocessor Smartswitch 
these oar ane ihe at the Shas down Microcontroller P.I. Treasure Hunter 
price of £1.00 each — no matter what size er 5 
they are (some of these boards are worth Watering Wizard 
over £9.00 each) while stocks last. This Simple NiCad Charger 
price includes VAT and UK post — overseas Stereo HiFi Controller — 1 Power Supply 
orders please add 50p postage (or £1 per Stereo HiFi Controller — 2 
board for airmail postage). Main Board 
Audio Lead Tester 641; Hand Tally, main board 699 and Expansion/Display Boards (pair) 
display board 700; Modular Disco Lights — Masterlink 752 — Dancing Fountains — 1 Pre.amp 
Dimmer Interface 765; Knockerbox 775; Auto Nightlight 779; Pump Controller 
Car Electric Window Enhancer, 821; Electronic Fire, 820; | Filter 
Electronic Snooker Scoreboard, 832; Bike Odometer (pair 6902 Microprocessor Development Board 
of boards), 836/7; Amstrad PCW A to D Converter Dancing Fountains — 2 § SEPT'94 | 
(double-sided), 838; Kettle Alert, 843; Linear Power Supply PC-Compatible Interface (double-sided) 
(double-sided), 844; Microphone Pre-Amp module, 846; Automatic Greenhouse Watering System 
RIAA Pre-Amp module, 847; 20 Metre Receiver, 848; 1W Seismograph — 1 oe 
Stereo Amplifier, 851; Auto Alarm, 854; 10W+10W Stereo edie 
Power Amplifier Amplifier, 852a — Power Supply, 852b; 
Whistle Controlled Light Switch, 860; Battery to Mains 
Inverter — U.P:S. charger board, 862. 





3-Channel Lamp Controller 
Seismograph — 2 
PC-Compatible Interface (double-sided) 
Visual/Audio Guitar Tuner 
Digilogue Clock 
Hobby Power Supply 
Audio Auxiplexer — Control Board 
Receiver 


Any of the above for just £1 each inc. VAT and p&p. 


Back numbers or photostats of articles are available see the 
Back Issues page for details. 
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PROJECT TITLE Order Code 


























Power Controller 905 
1000V/500V Insulation Tester 906 
Active Guitar Tone Control 907 
TV Off-er — (pair) 908/909 
Video Modules — 1 Simple Fader 910 





911 
912 


Improved Fader 
Video Enhancer 





Rodent Repeller 

EPE Fruit Machine 

Video Modules —2 Horizontal Wiper 
Vertical Wiper 
4-Channel Audio Mixer 

Spacewriter Wand 

Universal Digital Code Lock 


Video Modules — 3 


DEC’94 















aE 
Dynamic Noise Limiter 
System Mains Power Supply 


Magnetic Field Detector 
Model Railway Track Cleaner 
Moving Display Metronome 


The Ultimate Screen Saver 
Foot-Operated Drill Controller 
Model Railway Signals 

12V 35W PA Amplifier 


Multi-Purpose Thermostat 

Multi-Project PCB 
Sound-Activated Switch 
Audio Amplifier 

Light Beam Communicator (2 boards required) 


Multi-Project PCB 
Light-Activated Switch 
Switch On/Off Timer 
Continuity Tester 

Auto Battery Charger 

National Lottery Predictor 


R.F. Signal Generator - R.F./Mod. EVES 
Coil & Power Supply (pair) 

















FEB’95 










































MIDI Pedal 

Club Vote Totaliser 
PIC-DATS Development System 
(double-sided p.t.h.) 


EPE HiFi Valve Amplifier — 
Phase splitter 
PIC-DATS 4 -channel Light Chaser 


HV Capacitor Reformer 
Ramp Generator 
Logic Board (double-sided p.t.h.) & Analogue 
board (pair) 
Automatic Curtain Winder 
Windicator 




























Microcontrolled 3-Digit Timer AUG’95 
IR Remote Control — Transmitter 
— Receiver 


Personal Practice Amplifier 





Low-Range Ohmmeter Adaptor 
Simple Theremin 

Vandata 

Boot Control Unit 

Display Unit 


Sound Switch 
Multiple Project PCB 
Audio Sinewave Generator 
Treble Booster 
Infra-Red Controller/Alarm (2 boards required) 
Capacitor Check 
Ginormous VU Meter 


Multiple Project PCB 
Video Enhancer 
Current Tracer 
Distortion Effects Unit 

Digital Delay Line 

50Hz Field Meter 

Temperature Warning Alarm (Teach-In ’96) 


DEC’95 


SEPT’95 





OCT’95 



















Stereo “Cordless ” Headphones 
Transmiter 
Receiver 
EPE Met Office — Sensor/Rainfall/Vane 
Spiral transparency free with above p.c.b. 
Light-Operated Switch 
Modular Alarm System (Teach-In '96) 
Audio Meter and Amplifier 


















966 
967a/b 
968 
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. 

EPE Met Office — 
Computer Interface (double-sided) 

Audio Signal Generator 

Mains Signalling Unit, Transmitter and Receiver 

Automatic Camera Panning (Teach-In ’96) 

Printer Sharer 























964 
969 
970/971 (pr) 
972 
973 


957 
974 

































Analogue Frequency Meter 
Vari-Speed Dice (Teach-in '96) 
Mains Signalling Unit — 2 

12V Capacitive PSU 


PIC-Electric Meter — Sensor/PSU-— Control/Display 


Multi-Purpose Mini Amplifier 
PIC-Electric —- Sensor/PSU — Control/Display 
High Current Stabilised Power Supply 

Mind Machine Mk III — Sound and Lights 
Infra-Zapper Transmitter/Receiver (Teach-In ’96) 


APRIL’96 


















975 
977/978 (pr) 


976 
977/978 (pr) 

979 

980 
981/982 (pr) 






















Mind Machine Mk III — Programmer 
Bat Band Converter/B.F.O. 
Hearing Tester 

Event Counter (Teach-In ’96) 


B.F.O. and Bat Band Converter 






























MAY’96 984a/b 









Versatile PIR Detector Alarm 988 
Mind machine Mk IIl — Tape Controller 989 
Midi Analyser 992 
- Countdown Timer (Teach-In '96) 993 






Sarah's Light 
Home Telephone Link 
PulStar 

VU Display and Alarm 


JUNE’96 














Ultra-Fast Frequency Generator 
and Counter — Oscillator/L.C.D. Driver 

Timed NiCad Charger 

Single-Station Radio 4 Tuner 

Twin-Beam Infra-Red Alarm — 
Transmitter/Receiver 

Games Compendium 






994/995 (pr) 
100 
101 









102/103 (pr) 
104 









Mono “Cordless” Headphones AUG’96 
— Transmiter/Receiver 


Component Analyser (double sided p.t.h.) 














990/991 (pr) 
105 












Garden Mole-Ester 106 
Mobile Miser 107 
Bike Speedo 108 
























PIC-Tock Pendulum Clock 
Power Check 

Analogue Delay/Flanger 
Draught Detector 
Simple Exposure Timer 


SEPT’96 


EPE PRINTED CIRCUIT 
BOARD SERVICE 


Order Code _—sw Project Quantity Price 

PORN Sf aici cen Sach AER Foci Rea nav esgiadupysdaaeeMaasedbenetens 

PN Oe psi a ia esa oooh escaped eae 
I | enclose payment of £..........0.0:cceeeeeees (cheque/PO in £ sterling 


Everyday 
Practical Electronics 
Access (MasterCard) or Visa No. 
Minimum order for credit cards £5 
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Please supply name and address of cardholder if different from the address shown 
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SURFING THE INTERNET 


NET WORK 


ALAN WINSTANLEY 


T LAST! We have more and more readers gaining access to 

the Internet and we also receive numerous enquiries, 
especially from the USA, asking about us, who we are, what kind 
of material we carry and how much we cost. A World Wide Web 
site is often the best way to answer these and other queries and so 
we're pleased to announce the opening of our own WWW pages, 
which will be found on http://www.epemag.wimborne.co.uk. 
This will just have opened up by the time you read this. 

We plan to ‘‘grow’’ the site to meet the needs of our readers. 
The site will be constantly updated with new material as it takes 
shape, including back issue information, subscription and order- 
ing details, plus pointers to other sites which we hope will help 
readers everywhere. 

We are also uploading PIC source files to our new file area 
ftp://ftp.epemag.wimborne.co.uk where you will also find the 
very latest version of my own UK Sources FAQ, a file of well 
over 200 names, addresses, URL’s, phone numbers etc. of UK 
based electronics related products and services. 

In association with the Dept. of Electronic Engineering, the 
University of Hull, England, we plan to link with the University 
to bring you the latest developments in research and education 
over at Hull, which will be of interest to students and hobbyists 
worldwide. 

Every year students at Hull undertake a ‘‘design and build’’ 
project. This year the students will be working in ‘‘companies’’ 
to design and build a computer-controlled *‘Mouse Organ’’. All 
resources for the project will be web based, and we’ll post a 
running commentary on how the ‘‘companies’’ are going. Last 
year’s project, to design a digital telephone, resulted in a forma- 
tion of a company called ‘‘Lemon’’ (after the ‘‘Orange’’ mobile 
‘phone network) with the catch phrase ‘The Future is Bleak, the 
Future is Lemon’’. 

It’s going to be great fun! Please join us and keep checking our 
progress regularly. We’ll keep you posted with developments, 
in Net Work and immediately on our web site itself. And 
of course, if you have any comments, let us know. E-mail 
to alan@epemag.demon.co.uk or write to us at the Editorial 
address. 


Turnpike Trauma 


When choosing an Internet Service Provider (ISP), it’s well 
worth investigating the type of mail on offer, and confirming what 
particular software package an ISP might recommend for you to 
handle their mail service. Some service providers (e.g. BT In- 
ternet, CompuServe, Pipex and AOL) provide you with their own 
access software as part of the package, so there’s no problem for 
most users. With others, e.g. Demon, you’re on your own to 
choose whichever package you prefer. . 

E-mail comes in two flavours, and you'll hear both names 


mentioned from time to time. SMTP (Simple Mail Transfer 


Protocol) is favoured by some ISP’s including Demon Internet 
Services. The good part is that SMTP mail is formatted as 
<username>@domain.name. With my own domain name of 
epemag.demon.co.uk, I can set up as many usernames as I wish, 
at no extra cost, and my SMTP software will sort it all out on my 
PC when received. Mail delivery is controlled by your ISP you 
(hopefully) get the lot when you dial in — but it is sorted by your 
software. 

POP3 (Post Office Protocol) mail just sits on the ISP’s server, 
and you dial in to download it onto your own machine. POP3 mail 
generally stays on the server until you decide to delete it. 

The free software Pegasus is excellent at choosing and han- 
dling incoming POP3 mail: but it doesn’t handle incoming SMTP 
mail. Many folks prefer to use SMTP (or, are given it anyway) but 
POP3 is useful in applications where one user needs one mailbox 
only, or where users need to dial in from other locations. 
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Mail-lite 

Turnpike software is supposedly capable of handling ‘*mul- 
tiple’’ mailboxes (usernames). Or so they said on their Web 
pages, in their manuals and in their software Help files. What they 
fail to tell you is that it doesn’t handle mu/tiple POP3 mailboxes 
but only one single one. 

When it came to the crunch, Turnpike let us down badly when 
we configured an E-mail system for our new domain. We ex- 
pected Turnpike to handle all of our POP3 mailboxes just as it 
does SMTP mail. When we actually pressed the ‘‘Add’’ button to 
add the next POP3 username onto the system, up popped a mes- 
sage saying ‘‘Multiple mailbox collection — sorry not yet’’. No 
greyed out or disabled button, nothing. 

We were peeved to find buried deep in the small print of one 
Turnpike Help screen, a note saying **Add not available in this 
version.’’ Turnpike offered our money back “‘if we thought we 
had been misled’’. 

Turnpike is an odd package, seemingly aimed at network users, 
but with various bits disabled as they adapt it for single user, 
single machine use. They wouldn’t say when (or even if) it will 
handle multiple POP3 mail, and they respectfully suggested that I 
should have read the disclaimer label on the box, which says that 
‘*it does what it does’’. 

Perhaps Turnpike should have changed its Web site and Help 
files accordingly to say what it doesn’t do, as well. None the 
less, I still recommend it for use with SMTP mail including 
Demon’s, or single user POP3 mail. It includes Netscape V1.22 as 
well. More interestingly, Turnpike (a.k.a. Locomotive Software — 
remember the Amstrad PCW?) was purchased by Demon Internet 
Services last December, and Locomotive was hived off. 

On another note, there is a lot to be said for picking a smaller, 
local ISP and we’re glad to say we’re very happy with Total 
Connectivity Providers Ltd. in Southampton (tel. 01703 393392) 
who have national local dial-in and provide our E-mail and newly 
launched world wide web and ftp sites. POP3 is their mail stan- 
dard, by the way. See http://www.tcp.co.uk. 


Browsing 

Time to fire up your WWW browser — check these URL’s! As 
always, addresses were checked at the time of going to press but 
may sometimes move. Engineers dealing with EMC and other 
thorny regulations might try the web page of Approval Magazine 
which resides at http://www.compulink.co.uk/~Approval. It 
gives one or two pointers. Also the Institute of Electrical 
Engineers have their own web page at http://www. iee.org.uk. 

A very impressive World Wide Web site handling almost 
anything to do with integrated circuits, is the famous Chip 
Directory, which you should definitely bookmark as a resource. 
It’s at http://xs4all.nl/~ganswijk/chipdir/chip dir.html. An in- 
creasing number of semiconductor data sheets are available 
on-line (needing Adobe Acrobat reader) from Premier Farnell in 
Leeds, now the world’s largest catalogue-based component dis- 
tributor, who will be found on http://www.farnell.co.uk. 

Batteries are next, and http://www.duracell.com is where 
you'll find technical data on those famous copper-coloured tops, 
button cells, photography batteries and more. It’s a slow, graphics 
laden site but well worth the stopover. I found the (American) 
Energiser site less worthwhile; http://www.eveready.com des- 
cribes their latest battery tester product but is again graphics- 
heavy. 

Still on batteries, to go hand-in-hand with this month’s Circuit 
Surgery, get the NiCad FAQ from Steve Walz’s FTP site 
at ftp://ftp.armory.com/pub/user/rstevew/nicadfaq.zip (13k). 
You'll see other interesting files there too. 

Finally, welcome aboard to Henry's Radio in London, very old 
established component suppliers whose modest web site is on 
http://www.henrys.co.uk. See you next month for more Net Work. 
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DC TO DC CONVERTERS 

DRM58 input 10-40vdc output 5v 8A £15 

DRM128 input 17-40vdc output 12v 8A £50 

DRM158 input 20-40vdc output 15v 8A £50 

DRM248 input 29-40vdc output 24v 8A £40 

DRS123 input 17-40vdc output 12v 3A £20 

DRS153 input 20-40vdc output 15v 3A £20 

DRS243 input 29-40vdc output 24v 3A £15 

SOLID STATE RELAYS 

CMP-DC-200P 3-32vdc operation, 0-200vdc 1A £2.50 
SMT20000/3 3-24vdc operation, 28-280vac 3A £4.50 
SMT20000/4 3-24vdc operation, 28-280vac 4A £5.00 

ZRA6025F 28-280vd/ac operation, 28-280vac 25A £7.00 

200 WATT INVERTERS Nicely cased units 12v input 240v 
output 150watt continuous, 200 max. £49 ref LOT62. 

6.8MW HELIUM NEON LASERS New units, £65 ref LOT33 
COINSLOT TOKENS You may have a use for these? mixed bag 
of 100 tokens £10 ref LOT20. 

PORTABLE X RAY MACHINE PLANS Easy to construct 
plans on a simple and cheap way to build a home X-ray machine! 
Effective device, X-ray sealed assemblies. can be used for 
experimental purposes. Not a toy or for minors! £6/set. Ref F/XPJ. 
TELEKINETIC ENHANCER PLANS Mystify and amaze your 
friends by creating motion with no known apparent means or cause. 
Uses no electrical or mechanical connections, no special gimmicks 
yetproducespositive motion and effect. Excelientfor science p rojects, 
magic shows, party demonstrations or serious research & 
development of this strange and amazing phychic phenomenon. 
£4/set Ref F/TKE1. 

ELECTRONK HYPNOSIS PLANS & DATA This data shows 
several ways to put subjects under your control. Included is a full 
volume reference text and several construction plans that when 
assembled can produce highly effective stimuli. This material must 
be used cautiously. itis for use as entertainment at parties etc only, 
by those experienced in its use. £15/set. Ref F/EH2. 

GRAVITY GENERATOR PLANS This unique plan 
demonstrates a simple electrical phenomena that produces an anti- 
gravity effect. You can actually build a small mock spaceship out of 
simple materials and without any visible means- cause it to levitate. 
£10/set Ref F/GRA1. 

WORLDS SMALLEST TESLA COIL/LIGHTENING 
DISPLAY GLOBE PLANS Produces up to 750,000 volts of 
discharge, experiment with extraordinary HV effects, ‘Plasma in a 
jar, St Elmo's fire, Corona, excellent science project or conversation 
piece. £5/set Ref F/BTC1/LGS. 

COPPER VAPOUR LASER PLANS Produces 100mw of 
visible green light. High coherency and spectral quality similar to 
Argon laser but easier and less costly to build yet far more efficient. 
This particulardesignwas developed at the Atomic Energy Commision 
of NEGEV in Israel. £10/set Ref F/CVL1. 

VOICE SCRAMBLER PLANS Minature solid state system 
turns speech sound into indecipherable noise that cannot be 
understood without a second matching unit. Use on telephone to 
prevent third party listening and bugging. £6/set Ref F/VS9. 
PULSED TV JOKER PLANS Little hand held device utilises 
pulse techniques that will completely disrupt TV picture and sound! 
works on FM too! DISCRETION ADVISED. £8/set Ref F/TJ5. 
BODYHEAT TELESCOPE PLANS Highly directional long 
range device uses recent technology to detect the presence ofliving 
bodies, warm and hotspots, heatleaks etc. Intended for security, law 
enforcement, research and development, etc. Excellent security 
device or very interesting science project. £8/set Ref F/BHT1. 
BURNING, CUTTING CO2 LASER PLANS Projects an 
invisible beam of heat capable of burning and melting materials over 
a considerable distance. This laser is one of the most efficient, 
converting 10% input power into useful output. Not only is this device 
a workhorse in welding, cutting and heat processing materials but it 
is also a likely candidate as an effective directed energy beam 
weapon against missiles, aircraft, ground-to-ground, etc. Partide 
beams may very well utilize a laser of this type to blast a channel in 
the atmosphere for a high energy stream of neutrons or other 
particles. The device is easily applicable to burning and etching 
wood, cutting, plastics, textiles etc £12/set Ref F/LC7. 
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple 
concept. Objects float in air and move to the touch. Defies gravity, 
amazing gift, conversation piece, magic trick or science project. £6/ 
set Ref F/ANT 1K. 

ULTRASONKE BLASTER PLANS Laboratory source of sonic 
shock waves. Blow holes in metal, produce 'cold' steam, atomize 
liquides. Many cleaning uses for PC boards, jewllery, coins, small 
parts etc. £6/set Ref F/ULB1. 

ULTRAHIGH GAIN AMP/STETHOSCOPICMIKE/SOUND 
AND VIBRATION DETECTOR PLANS Ultrasensitive device 
enables one to hear a whole new world of sounds. Listen through 
walls, windows, floors etc. Many applications shown, from law 
enforcement, nature listening, medical heartbeat, to mechanical 
devices. £6/set Ref F/HGA7 

ANTI DOG FORCE FIELD PLANS Highly effective circuit 
produces time variable pulses of accoustical energy that dogs 
cannot tolerate £6/set Ref F/DOG2 

LASER BOUNCE LISTENER SYSTEM PLANS Allows you 
to hear sounds from a premises without gaining access. £12/set Ref 
F/LLIST1 

LASER LIGHT SHOW PLANS Doit yourself plans show three 
methods. £6 Ref F/LLS1 

PHASOR BLAST WAVE PISTOL SERIES PLANS 
Handheld, has large transducer and battery capacity with extemal 
controls. £6/set Ref F/PSP4 

INFINITY TRANSMITTER PLANS Telephone line grabber/ 
room monitor. The ultimatein home/office security and safety! simple 
to use! Call your home or office phone, push a secret tone on your 
telephone to access either: A) On premises sound and voices or B) 
Existing conversation with break-in capability for emergency 
messages. £7 Ref F/TELEGRAB. 

BUG DETECTOR PLANS !s that someone getting the goods on 
you? Easy to construct device locates any hidden source of radio 
energy! Sniffs out and finds bugs and other sources of bothersome 


*SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 





interference. Detects low, high and UHF frequencies. £5/set Ref F/ 
BD1. 

ELECTROMAGNETIC GUN PLANS Projects a metal object a 
considerable distance-requires adult supervision £5 ref F/EML2. 
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE 
TOUCH OF YOUR HAND! £5/set Ref F/EMA1. 


PARABOLIC DISH MICROPHONE PLANS Listen to distant 
sounds and voices, open windows, sound sources in ‘hard to get' or 
hostile premises. Uses satellite technology to gather distant sounds 
and focus them to our ultra sensitive electronics. Plans also show an 
optional wireless link system. £8/set ref F/PM5 

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND 
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND 
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS 
Operates on 9-12vdc, many possible experiments. £10 Ref FAHVM7/ 
TCL4. 


INFINITY TRANSMITTERS The ultimate ‘bug ' fits to any 


phone or line, undetectable, listen to the conversations in the room 
from anywhere in the world! 24 hours a day 7 days a week! just call 
the number and press a button on the mini controller (supplied) and 
you can hear everything! Monitor conversations for as long as you 
choose £249 each, complete with leads and mini controller’ Ref 
LOTY. Undetectable with nomal RF detectors, fitted in seconds, no 
batteries required, lasts forever! 

SWITCHED MODE PSU'S 244 watt, +5 32A, +12 GA, -5 0.2A, - 
12 0.2A. There is also an optional 3.3v 25A rail available. 120/240v |/ 
P. Cased, 175x90x145mm. IEC inlet Suitable for PC use (6 d/drive 
connectors 1 m/board). £10 ref PSU1. 

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V 8A 
TX Not too sure what the function of these units is but they certainly 
make good strippers! Measures 390X320X120mm, on the front are 
controls for scan speed, scan delay, scan mode, loads of connections 
onthe rear. Inside 2 x 6v 10AH sealed lead acid batts, pcb's and a 8A? 
12v torroidial transformer (mains in). Condition not known, may have 
one or two broken knobs due to poor storage. £17.50 ref VP2 
RETRON NIGHT SIGHT Recognition of a standing man at300m 
in 1/4 moonlight, hermatically sealed, runs on 2 AA batteries, 80mm 
F1.5 lens, 20mw infrared laser induded. £325 ref RETRON. 

MINI FM TRANSMITTER KIT Very high gain preamp, supplied 
complete with FET electret microphone. Designed to cover 88-108 
Mhz but easily changed to cover 63-130 Mhz. Works with a common 
9v (PP3) battery. 0.2W RF. £7 Ref 1001. 

3-30V POWER SUPPLY KIT Variable, stabilized power supply 
for lab use. Short circuit protected, suitable for profesional or amateur 
use 24v 3A transformer is needed to complete the kit. £14 Ref 1007. 
1 WATT FM TRANSMITTER KIT Supplied with piezo electric 
mic. 8-30vdc. At 25-30v you will get nearly 2 watts! £12 ref 1009. 
FM/AM SCANNER KIT Weill not quite, you have to turn the knob 
your self but you will hear things on this radio that you would not hear 
on an ordinary radio (even TV). Covers 50-160mhz on both AM and 
FM. Built in 5 watt amplifier, inc speaker. £15 ref 1013. 

3 CHANNEL SOUND TO LIGHT KIT Wireless system, mains 
operated, separate sensitivity adjustment for each channel, 1,200 w 
power handling, microphone included. £14 Ref 1014. 

4 WATT FM TRANSMITTER KIT Small but powerful FM 
transmitter, 3 RF stages, microphone and audio preamp included. 
£20 Ref 1028. 

STROBE LIGHT KIT Adjustable from 1-60 hz (a lot faster than 
conventional strobes). Mains operated. £16 Ref 1037. 
COMBINATION LOCK KIT 9key, programmable, complete with 
keypad, will switch 2A mains. 9v de operation. £10 ref 1114. 
PHONE BUG DETECTOR KIT This device will warn you if 
somebody is eavesdropping on your line. £6 ref 1130. 

ROBOT VOICE KIT interesting circuit that distorts your voice! 
adjustable, answer the phonewith a differentvoice! 12vdc£9 ref 1131 
TELEPHONE BUG KIT Small bug powered by the ‘phone line, 
starts transmitting as soon as the phone is picked up! £8 Ref 1135. 
3 CHANNEL LIGHT CHASER KIT 800 watts per channel, 
speed and direction controlssupplied with 12 LEDS (you can fit triacs 
instead to make kit mains, not supplied) 9-12vdc £17 ref 1026. 
12V FLOURESCENT LAMP DRIVER KIT Lightup 4 foottubes 
from your car battery! 9v 2a transformer also required. £8 ref 1069. 
VOX SWITCH KIT Sound activated switchideal for making bugging 
tape recorders etc, adjustable sensitivity. £8 ref 1073. 

















































































Check out our 
WEB SITE 


http://www.pavilion.co.uk/bull-electrical 









PREAMP MIXER KIT 3 input mono mixer, sep bass and treble 
controls plus individual level controls, 18vdc, input sens 100mA.£15 
ref 1052. 
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SOUND EFFECTS GENERATOR KIT Produces soundsranging 
from bird chips to sirens. Complete with speaker, add sound effects 
to your projects for just £9 ref 1045. 

16 WATT FM TRANSMITTER (BUILT) 4 stage high power, 
preamp required 12-18vdc, can use ground plane, yagi or open 
dipole. £69 ref 1021. 

HUMIDITY METER KIT Builds into a precision LCD humidity 
meter, 9 ic design, pcb, Icd display and all components included. £29 
PC TIMER KIT Four channel output controlled by your PC, will 
switch high current mains with relays (supplied). Software supplied 
SO you Can program the channels to do what you want whenever you 
want. Minimum system configeration is 286, VGA, 4.1,640k, serial 
port, hard drive with min 100k free. £24.99 

FM CORDLESS MICROPHONE This unitis an FM broadcasting 
Station in minature, 3 transistor transmitter with electret condenser 
mic+fetamp design resultin maximum sensitivity and broad frequency 
response. 90-105mhz, 50-1500hz, 500 foot range in open country! 
PP3 battery required. £15.00 ref 15P42A. 

MAGNETIC MARBLES They have been around for a number of 
years but still give rise to curiosity and amazement. A pack of 12isjust 
£3.99 ref GI/R20 

NICKEL PLATING KIT Proffesional electroplating kit that will 
transform rusting parts into showpieces in 3 hours! Will plate onto 
Steel, iron, bronze, gunmetal, copper, welded, silver soldered orbrazed 
joints. Kitincludes enough toplate 1,000 sqinches. Youwill also need 
a 12v supply, a container and 2 12v light bulbs. £39.99 ref NIK39. 
Minature adjustable timers, 4 pole c/o output 3A 240v, 
HY1230S, 12vDC adjustable from 0-30 secs. £4.99 
HY1260M, 12vDC adjustable from 0-60 mins. £4.99 
HY2405S, 240v adjustable from 0-5 secs. £4.99 
HY24060m, 240v adjustable from 0-60 mins. £6.99 
BUGGING TAPE RECORDER Small voice activated recorder, 
uses micro cassette complete with headphones. £28.99 refMAR29P 1. 
POWER SUPPLY fully cased with mains and o/p leads 17v DC 
900mA output. Bargain price £5.99 ref MAG6P9 

Sv DC POWER SUPPLY Standard plugin type 150ma 9v DC with 
lead and DC power plug. price for two is £2.99 ref AUG3P4. 
COMPOSITE VIDEO KIT. Converts composite video into sepa- 
rate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2. 
FUTURE PC POWER SUPPLIES These are 295x135x60mm, 
4 drive connectors 1 mother board connector. 150watt, 12v fan, iec 
inlet and on/off switch. £12 Ref EF6. 

VENUS FLY TRAP KIT Grow your own carnivorous plantwith this 
simple kit £3 ref EF34. 

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. Bargain price just £5.99 ea REF MAG6P12. 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAG5P 13 ideal for experimenters! 30 m for £12.99 ref MAG13P 1 
ROCK LIGHTS Unusual things these, two pieces of rock that glow 
when rubbed together! belived to cause rain'!€3 a pair Ref EF29. 

3’ by 1’ AMORPHOUS SOLAR PANELS 14.5v, 700mA 10 
watts, aluminium frame, screw terminals, £44.95 ref MAG45. 
ELECTRONIC ACCUPUNCTURE KIT Builds intoan electronic 
version instead of needies! good to experiment with. £7 ref 7P30 
SHOCKING COIL KIT Build this litte battery operated device into 
all sorts of things, also gets worms out of the ground! £7 ref 7P36. 
FLYING PARROTS Easily assembled kit that builds a parrot that 
actually flaps its wings and flies! 50 m range £6 ref EF2. 

HIGH POWER CATAPULTS Hinged am brace for stability, 
tempered steel yoke, super strength latex power bands. Departure 
speed ofammunitionis in excess of 200 miles per hour! Range of over 
200 metres! £7.99 ref R/V. 

BALLON MANUFACTURING KIT British made, small blob 
blowsinto alarge, longlasting balloon, hours offun! £3.99 refGI/E99R 
9-0-9V 4A TRANSFORMERS, chassis mount. £7 ref LOT19A. 
2.6 KILOWATT INVERTERS, Packed with batteries etc 
but as they weigh about 100kg CALLERS ONLY! £120. 
MEGA LED DISPLAYS Build your selfa clock or something with 
these mega 7 seg displays 55mm high, 38mm wide. 5 ona pcb forjust 
£4.99 ref LOT16 or a bumper pack of 50 displays for just £29 ref 
LOT17. 


CLEARANCE SECTION, MINIMUM ORDER 
£15, NO TECHNICAL DETAILS AVAILABLE, 


NO RETURNS, TRADE WELCOME. 

2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR340 
AT LEAST 200 CAPACITORS (SAME VALUE 99P REF BAR342 
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333 
CIRCUIT BREAKERS, OUR CHOICE TOCLEAR 99P REF BAR335 
MICROWAVE CONTROL PANELS TO CLEAR €2 REF BAR 329 
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305 
LOTTERY PREDICTOR MACHINE!! JUST €1.50 REF BAR313 
HELLAL/ROVER ELECTRIC H/LAMP LEVELLERE2 REF BAR311 
SINCLAIR C5 16" TYRES TO CLEAR AT JUST 75P REF BAR318 
LARGE MAINS MOTORS (NEW) TO CLEAR AT 75P REF BAR310 
MODEMS ETC FOR STRIPPING €2.50 EACH REF BAR324 
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR332 
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR323 
GX4000 GAMES COSOLES JUST £4 REF BAR320 

SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS 
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF 5 
COMPLETE UNITS TO CLEAR AT £2. 50(FOR 5) REF BAR 330. 
2CORE MAINS CABLE 2M LENGTHS PACK OF 4 €1 REF BAR337 
PC USER/BASIC MANUALS, LOADS OF INFO. £1 REF BAR304 
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341 

3 M_3CORE MAINS CABLE AND 13A PLUG. 60P REF BAR325 


WE BUY SURPLUS STOCK 


FOR CASH 
BUYERS DIRECT LINE 0802 660377 


FREE CATALOGUE 
100 PAGE CATALOGUE NOW 
AVAILABLE, 45P STAMPS. 


Tao 


CLASSIFIED 


Everyday Practical Electronics reaches nearly twice 


as many UK readers as any other independent 
PRACTICAL monthly hobby electronics magazine, our audited 


sales figures prove it. We have been the leading 
independent monthly magazine in this market for the 
last eleven years. 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display . 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2:5cm). 
The prepaid rate for classified adverts is 30p (+ VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Holland Wood House, Church Lane, Great Holland, 
Essex CO13 0JS. Phone/Fax (01255) 850596. 








For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 





RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 38 volts d.c. at 6 amps continous, 10 amps 
peak, fully variable from 1 to 38 volts. Twin 
Voltage and 
Current meters 
for easy read- : 
out. 240 volt a.c. carriage £6 
input. Fully smoothed, size 14% x 11 x 412 inches. 


RADIO COMPONENT SPECIALISTS 
wm = 337 WHITEHORSE ROAD, CROYDON 
fst, SURREY, CRO 2HS. Tel: 0181-684 1665 


Lots of transformers, high volt caps, valves, speakers, in stock. 
Phone or send your wants list for quote. 








THE BRITISH AMATEUR 
ELECTRONICS CLUB 


exists to help electronics enthusiasts 
by personal contact and through a 
quarterly Newsletter. 


For membership details, write to the 
Secretary: 


Mr. J. F. Davies, 70 Ash Road, Cuddington, 
Northwich, Cheshire CW8 2PB. 


Space donated by Everyday Practical Electronics 
















Laser Pointers £28 


Wavelength 660-680nm 

Max Output < 3 mW 

Laser Range up to 200 metres 
Uses two 1-5V (AAA) batteries (supplied) 
Ideal for demonstrations and teaching 
Comes complete in a gift box 


Also CCD Cameras, b/w £65, colour £200 
Suppliers of Quality 

Nonuts Lid. Electronic Things 

2 Chase Cottages, 


New Road, Aidham, 
Essex CO6 3QT 
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Tel. & Fax 01206 213322 





FIRST ON THE WEB 


with over 300 kits. Many links to other electronics 
web sites. 


http://www.hk.super.net/ ~ diykit 


Control up to 4 relays over the phone line with our 
latest Kit 86, Telephone line switcher. User defined 4 
digit access code. Uses 68HC705K1 uC. Source 
code supplied on floppy disk. All components and 
explanation supplied. Protection circuit to phone line 
built-in. PCB 8x10.5cm. See web page for details. 
£33.50 airmail post inc. Send your cheque to: 


DIY ELECTRONICS 
PO BOX 88458, SHAM SHUI PO, HONG KONG 


BIEC ELECTRONICS 
TECHNICIAN TRAINING 
GNVQ ADVANCED ENGINEERING 
(ELECTRONIC) — PART-TIME 
HND ELECTRONICS — FULL-TIME 
B.Eng FOUNDATION — FULL-TIME 
Next course commences 
Monday 16th September 1996 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 0171-373 8721 





This 3cm space in 
Everyday Practical 
Electronics 
will ONLY cost you 


£24 + VAT 





Miscellaneous 


PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.a.e. to B. M. Ansbro, 38 Poynings Drive, 
Hove, Sussex BN3 8GR, or phone Brighton 
883871. 

G.C.S.E. ELECTRONICS KITS, at pocket 
money prices. S.A.E. for FREE catalogue. 
SIR-KIT Electronics, 70 Oxford Road, Clacton, 
COTS:2 te: 

VALVE ENTHUSIASTS: Capacitors and 
other parts in stock. For free advice/lists please 
ring, Geoff Davies (Radio), Tel: 01788 574774. 

PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or draft designs at low 
cost. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, 36 Woodcot Avenue, 
Belfast, BTS SJA or phone 01232 473533 
(7 days). 

PCB SCHEMATIC AND ARTWORK 
LAYOUT, customised product design, surface- 
mount component sourcing and much more. 
Contact ULTRA-TECH, Tel/Fax: 0181 472 
8213, Mobile: 0850 973555. 

SELLING DUE TO ILL HEALTH. Approx. 
1,000 service manuals, TV, Videos, Hi-Fi etc., 
£150. Also selling test equipment, Hameg scope, 
Fluke bench meter, frequency counter etc. Ring 
for details, London (0181) 441 8098. 

30 ASSORTED CAPACITORS + catalogue, 
75p. K.LA., 1 Regent Road, Ilkley. Power 
supplies, variable 12V-40V D.C., regulated + 
electronic protection, £5. Stereos 30W + 30W, 
£9.95. 

PCBs FROM PHOTOCOPIES, | printouts, 
sketches. Low cost. One offs. SAE to: Williams, 
29 Albert Rd., Mexborough, S. Yorks. S64 9BZ. 
SOLARTRON OSCILLOSCOPE, _ type 
CD1014-2, with manual and two spare valves, 
£55. Tel: 0181 9794348. 


SAVE OVER £5 - SUBSCRIBE NOW! 


PRACTICAL 





ELECTRONICS 


SUBSCRIPTION ORDER FORM 


Annual subscription rates 


(1996/7): 
UK £24.00. 


Overseas £30.00 standard air service, 


£47.50 express airmail. 


To: 


Everyday Practical Electronics, 
Allen House, East Borough, 


Wimborne, 
Dorset BH21 1PF 


Tel: 01202 881749 
YN Fax: 01202 841692 


734 


l enclose payment of £ 


(cheque/PO in £ sterling only, payable to Everyday Practical Electronics). 


Alternatively send Access or Visa number and card expiry date. 


Signature 


Please supply name and address of cardholder if different from the subscription address 
shown above. Subscriptions can only start with the next available issue. For back numbers 


see the Back Issues page. 
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study school. 






Mr/Mrs/Ms/Miss 
Me CAPITALS PLEASE 


TRAIN TODAY FOR A BETTER FUTURE 


Now you can get the skills and qualifications you need for 
career success with an ICS Home Study Course. Learn in 
the comfort of your own home at the pace and times that 
suit you. ICS is the world's largest, most experienced home 
Over the past 100 years ICS have helped 
nearly 10 million people to improve their job prospects. 
Find out how we can help YOU. Post or phone today for 
FREE INFORMATION on the course of your choice. 


Call 0141 306 1195 


Please send me my Free Information on your Electronics Courses. 







Electrical Contracting 
Electrical Engineering 

C & G Basic Electronics 

C & G Basic Mechanics 

TV, Video & Hi-Fi Servicing 
Refrigeration & Air Conditioning 
PC Repair 

Electronic Engineering 























Date of Birth 


| NT eR ra Tel. No. 


International Correspondence Schools, Dept. ZEEEAI, FREEPOST 882, 8 Elliot Place, 


Further offers, which may be of interest, may be sent to you by ICS or other carefully selected companies. 


4 Clydeway Centre, Glasgow, G3 8BR. Tel. 0141 306 1195 (9am-7pm) or Tel/Fax: Ireland 01 285 2533. ; 








EINFOTECH & STREE= 


76 Church St, Larkhall, Lanarks, ML9 1HE 
Phone (01698) 883334/888343 or Fax (01698) 884825 


Remember: Not only do we have every sheet ever produced, but we also have 
The World’s Largest Collection of 
SERVICE MANUALS & CIRCUITS 


We are now successfully running a Library Service which allows you to borrow any 
manual you want for as long as you want, and when you need another manual, just 
return the one you have, plus a £4.95 exchange fee and tell us what you want next. 


Borrow any Service Manual for £4.95 
regardless of its size or normal cost 


The cost of this service is a yearly subscription fee of only £59.95. 
Join now & get a free ‘Data Ref Guide’. 









KN 


Cooke International 


SUPPLIER OF QUALITY USED TEST INSTRUMENTS 


ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS, 
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE 


ORIGINAL SERVICE MANUALS FOR SALE 
COPY SERVICE ALSO AVAILABLE 


EXPORT, TRADE AND U.K. ENQUIRIES WELCOME 
SEND FOR LISTS OF EQUIPMENT & MANUALS 
ALL PRICES EXCLUDE VAT AND CARRIAGE 


DISCOUNT FOR BULK ORDERS 


SHIPPING ARRANGED 


OPEN MONDAY TO FRIDAY 9AM-5PM 


Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis, 
West Sussex, PO22 OEB. U.K. 
Tel (+ 44) 01243 545111/2 Fax (+ 44) 01243 542457 


EQUIPMENT & ACCESSORIES PURCHASED 







3lb mixed component pack.......... 


Jumbo component pack.................. 
250 off mixed capacitors.............. £4.95 
250 Off 1.0. SOCKBIS........-cosecserrovess £3.99 


1000 off mixed ceramic caps......£7.50 
20 off mixed crystals/filters........... £4.95 


25 off mixed relayS............cceeeees £3.59 
100 off phono plugs................... £2.95) 
10 off mixed displays.................. £3.75 
50 off d.i.l. switches.................. £3.75 | 
30 off mixed heatsinks................ £3.75 
30 off mixed switches................. £3.75 


Brand new 360k 51%” floppy drive...£4.50 
5%" to 342" floppy drive 7 
converter leads... eee £1.50 
1-2MB 514” bg Ar sean iacsensuanten: £10 
200MB 312” E |. hard drive....... £28 

12V d.c. 200 r.p.m. geared motor 
sceeusuiuaewesetnaseaes £1.50 each, 10 for £12 
220V 1500 r.p.m. geared motor 
issatsapestleegtacataeassaey £6 each, 10 for £50 
7V-12V d.c. motor, 4/6000 r.p.m 
700mA-1450mA..£4 each, 10 for £30 
12V d.c. motor, 13,000 r.p.m. 
TOA sissiccciviatensee £1 each, 10 for £8 








6V d.c. motor, 1,200 r.p.m. 6(00mMA 
era ener ce ese £1 each, 10 for £8 
9V d.c. motor, 13,000 r.p.m. 460mA 
sodp ieedesemeasickobaaaates £1 each, 10 for £8 
10-5V d.c. motor, 9,000 r.p.m., 
ae lginaclepl demented £1 each, 10 for £8 
S.M. P.S.U., mains input, +5:2V 6A, 
+24V 0-5A, +24V 5-5A outputs 
seRsaecataels alia ee £6 each 


QUANTITY nikwame oo 


We also buy all forms of electronic 
components, p.s.u’s, disk drives etc. 
Lists to below address. 

ALL PRICES INCLUDE V.A.T. 
PLEASE ADD £2.00 p&p EXCEPT 
ITEMS MARKED * WHICH ARE 50P. 

SAE FOR BULK BUYING LIST 
PAYMENT WITH ORDER TO: 

BT =) 0) i = =n O10) od = a On 
ui Ore) al-ie-]e)(-mater-[eP 

St. lves, Huntingdon, 

Cambs PE17 6EQ 
Tel/Fax: 01480 300819 
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SERVICE MANUALS 


& Technic 


ie pele) .4s 


Available for most equipment, any make, age or model. 
Technical Book and Manual Compilations now on CD-ROM 
Return the coupon for your FREE catalogue 


seeseeccsesseees Na UR ITRON 7 SCHNIC y Soe E (EPE) pee oo 


8 Cherry Tree Road, Chinnor, Oxon, OX9 4QY. 


Tel:- 01844-351694. Fax:- 01844 352554. 
Please forward your latest catalogue for which I enclose 2 x Ist Class Stamps. 
or £4.11 for the complete Service Manuals Index on PC Disc plus catalogue. 


NAME 
ADDRESS 


POSTCODE 


Photocopy this coupon if you do not wish to cut the magazine 





N. R. BARDWELL LTD (EPE) 


200 Signal diodes 1N4148 

75 Rectifier Diodes 1N4001 
Rectifier Diodes 1N4007 
W04 Bridge Rectifiers 
NE555 Timer I.C.s.......... einen £1.00 
Asstd. Zener Diodes 
BC182L Transistors 
BC212L Transistors 
BC213L Transistors... 
BC214C Transistors.... 
BC237 Transistors 
BC327 Transistors 
BC328 Transistors 
BC337 Transistors 
BC478 Transistors 
BC546 Transistors 
BC547 Transistors 
BC548 Transistors 
BC549 Transistors 
BC557 Transistors 
BC558 Transistors 
BC559 Transistors 
BC640 Transistors 
MPSA42 Transistors 
MPSA92 Transistors 
2N3904 Transistors 
78L12 12V 100mA Pos Regulators.. 
79MO08 8V 500mA Neg Regulators.. 





THE CR 
SUPPLY CO 


RESISTORS 

8 Watt Mixed metal/carbon film resistors 
5% E12 series 10 ohms to 1 Megohm 

V4 Watt Carbon film resistors 5% E24 series 
1 ohm to 10 Megohm 

100 off per value — 85p even hundreds 
per value totalling 1000 

VY Watt Metal film resistors 5% E12 series 
10 ohm to 1 Meg — 1%p; 1% E24 series 

V2 Watt Mixed metal/carbon film resistors 
5% E24 series 1 ohm to 10 Megohm 

1 Watt Mixed metal/carbon film 5% 

E12 series 4R7 to 10 Megohms 5p 
NEW Resistor development kits, 4 Watt C/Film 
5x78 different values from 1 ohm to 10 Meg- 

ohm, comes in storage drawer with printed 
colour code on outside, ideal for laboratories, 
education, service depts., repairers and 
hobbyists, etc 


CAPACITORS 

Aluminium Electrolytics (mfd/Volts). 

1/50, 2.2/50, 4.7/50, 10/25, 10/50 — "on 100/16, 
100/25 - 8p; 100/50 — 14 ; 22/16, 22/25, 
22/50, 33/16, 47/16, 47/25, "47/50 — 7p; - 220/16 
— 9p; 220/25, 220/50 — 11p; 470/16, 70/25 — 
12p; 1000/25 — 27p; 1000/35, 2200/25 - 38p; 
4700/25 — 74p. 


MiniaturePpoiye ster, 250V working vertical 


mounting (mfd). .01, .015, .022, .047, .068 — 
5p; 0.1 — 6p; 0.12, 0.15, 0.22 — 7p; 0.47 - 9p; 
0.68 — 10p; 1.0 — 13 3p. 

Mylar (polyester) 100V working E12 series 
vertical neue ga tg to 8200 — 
0.01 to 0.068 — 5p; 0.1 — 6p; 0.12, 0.15, 22 - 
7p; 0.4/50V — 9p. 

Submin Ceramic pes 100V working E12 
series vertical mou wings (pp. 2% 1.8 to oe - 
4p; 5% 56 to 330 — Sp: 1 % 390p-4700p — 

Polystyrene, 63V year he E12 series, oa 
axial wires (pf). 10 to 820 — 5p; 1000 to 10,000 
— 6p; 12,000 — 8p. 

Subminiature, Tantalum Bead electrolytics 
(mfds/Volts). 0.1, 0.22, 0.47, 1.0, 2.2, 3. 
@35V, 4.7/16, 6.8/10, 10/6, 6.8/35 — 13p; 
4.7/25, 6.8/16, 10/6, — 15p; 15/16, 22/6, 33/10 
— 21p; 10/25 — 22p; 10/35, 22/16 — 28p; 47/10 
— 29p; 47/16 — 28p; 47/20 — 32p; 47/35 — 34p; 
100/3 — 21p; 100/6, 220/6 — 24p. 


TRANSISTORS 
BC107/8/9 — 18p; BC547/8/9 — 7p; BC557/8/9 — 
8p; BC182, 182, BC183, 183L, BC184, 184L, 
BC212, 2121 - 10p; BC327, 337, 337L ~ 8p; 
BC727, 737 — 12p; BD135/6/7/8/9 — 27p; 
BCY70 — 28p; BFY50/51/52 — 32p; BFX88 — 
38p: 2N305 — 58: TIP31, 32 — 40p; TIP41, 42 
Op; BU208A — £1.50; BF195, 197 — 12p. 


20mm fuses 
100mA to 5A. Q/blow — 8p; A/surge — 14p. 
Holders, chassis, mounting — 8p. 


SOU CONE RE vii lick Ssisstcaienacneciscivaaies 
BMM £Od 1.0.0.S.........ccccceseeseeeeseeseeeeeees 
Asstd. high brightness I.e.d.s............ 
Axial l.e.d.s (Diode package) 

Asstd. 7-segment display: 

ORP 12 light dependant resistors 
Asstd. IF transformers 

Asstd. coil formers 

Asstd. RF chokes (inductors) 

Asstd. connectors edge.d.i.|., sil etc. 
Asstd. d.i.|. sockets up to 40-pin 
Asstd. disc ceramic capacitors 
Asstd. capacitors 1nF to 1F 

Asstd electrolytic capacitors 

4P3W MBB min. rotary switches 
Min. SP/CO slide switches 

1” glass reed switches 

4N7 mini axial capacitors 

24-pin d.i.|. wire wrap i.c. skts. .......... 
12V motorised volume control 50k... 
Grommets 6:3mm id, 9-5mm od 

c/f YW 5% resistors any one 

value, E24, range 1R to 10M 


eecuensitmmeapnttiee 


Prices include VAT. postage £1.25. 30p stamp for Lists 


288 Abbeydale Road, Sheffield S7 1FL 


Phone (0114) 2552886 Fax (0114) 2500689 





WE HOLD PACKS OF COMPONENTS 
FOR THIS 9 oe foe can oo CTs 


4001 — 23p; 4011 oer aoi? 45p; 4069UB 
= — 25p; ~ 45p; 4 
unbuffered — 25p. ‘ 

D.I.L. HOLDERS 
8-pin — 9p; 14-, Pas 18-pin — 15p; 24-pin — 19p; 

8-pin — fi ag in-31 
E REGULATORS 

1A +ve or —ve By. BV, 12V, 15V, 18V & 24V - 
61p; 100mA ve SV, BV, 12V, 15V- 38p. 


$ (PIV/amps) 
75/25mA 1N4148 — 


; 800/1A 1N4006 — 5p; 

400/3A 1N5404 — 14p; 115/15mA OA9Q1 — 18p; 
100/1A 1N4002 — 4p; 1000/1 1N4007 — 5p; 
60/1.5A S1M1 — oy 100/1A bridg ; 400/1A 
1N4004 — 4p; 1250/1A BY ar 4p: 3 30/150mA 
OA47 gold bonded — 24p. 

Zener diodes E24 series 3V3 to 33V 400mW — 6p; 
‘watt-12p. LEDs 

3mm. and 5mm. Red, Green, Yellow — 14p; Grom- 
Date. to suit gh pl - pa ned meek th 

.E.D.’s require 9V-12V su only, 5mm — 70p. 
BATTERIES 


AA/HP7 NiCad rechargeable cells — £1.78 each. 
With PCB mounting pins 600mAH, £2.28p. 

AA/HP7 zinc/carbon batteries in packs 
of 4 — £1.10 per pack 

Watch batteries, diam x thickness in mm 7.9x3.6, 
6x3, 6x4.2, 6 x 5.4- 


1.5V to 3V with bracket, 18x25mm shaft diam 2mm 
— £1.24p; high torque 30x23mm - £1 45p; 3V to 
6V, 25x21mm diam — £1.20; high torque 30x23 — 


MISCELLANEOUS 
Mains indicator neons with 220k resistor.......14p 
High speed PCB drill bits 0.8, 1.0, 1.3, 1.5, 2.0mm 
Heipiha-tee 12V a ~ 3 jaw chuck — £14.75 


ball joints and 2 croc clips 
to Frid waters cast-iron base 
Glass reed switc’ 


with = make 
contacts — 9p; Magnets 
0.1” Stripboard 212" x 1” 9 ore 25 holes — 26p. 
334 x 2%" 24 rows 37 holes — 80p. 
3 pee 2.5 & 3.5m — 16p; Sockets Panel Mtg. 
m—11 P. 
2.5 & 3.5mm, dynamic — 29p; 
3.5mm crystal — £1 60 
Multi-cored solder, 22SWG - 11p/yard, 
18SWG — 21p/yard. 
Air Purifier and loniser complete with mains adap- 
tor and car lead Wea by Smiths Industries. .£12.50 
21-pin Scart to ¢ art lead, 1.2m all pins 
connected — £3. o3p "PCB Scart sockets — 2p. 
Satellite cable 75 ohm semi air spaced 6.5mm, 
OD black or white — 36p/yard. 
741 Op Amp-—24p; 555 Timer—25p; LM3900-80p. 
SAE for lists. P&P £1.00. No VAT. 
44 Chapelfield Way, Rotherham, 
South Yorkshire S61 2TL. 
Tel/Fax: 0114 2468049 
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NEW MINI CAMERA and SPECIAL OFFERS 

NEW - Mini Waterproof TV Camera, 40 x 40 x 15mm, 
requires 10V to 16V at 120mA with composite video 
output (to feed into a Video or a TV with a SCART plug). 
It has a high resolution of 450 TV lines vertical and 380 
TV lines horizontal, electronic auto Iris for nearly dark 
(1 LUX) to bright sunlight operation and a pinhole lens 
with a 92 degree field of view, it focuses down to a few 
cm. It is fitted with a 3-wire lead (12V in, gnd and video 
out). £93.57 + VAT = £109.95 or 10+ £89.32 + VAT 
= £104.95. 

High quality Stepping Motor Kits (all including stepping 
motors) ‘Comstep’ independent control of two stepping 
motors by PC (via the Parallel Port) with two motors and 

Kit £67.00; Built £99.00 

Software support and 4-digital inputs kit 27.00 

Power Interface: 4A kit £36.00, 8A kit, £46.00. 

Stepper kit 4 (manual control) includes 200 step stepping 
motor and control circuit £23.00 

Hand Held Transistor Analyser. It tells you which lead is 
the base, the collector and emitter and if it is NPN or 
PNP or faulty, £33.45. Spare 6V battery £1.20. 

LEDs 3mm or 5mm Red or Green 7p each, Yellow 11p each. 

Cable Ties 1p each, £5.95 per 1000, £49.50 per 10,000. 


RECHARGEABLE BATTERIES 
BR PT) SOI vesscsssussissscssseisinsosktrsentanormnisaaeniate £0.99 
BR TOA icisisises sioieseaszcososeseaeseciiasecbuorninitinnnpiassstins £1.75 
C 2AH with Solder tags...........ccccecccseeseseeseeteseeeeteeenees £3.60 
D 4AM with Solder taQSicsccissscleccssssassssstesasescorsspasidecctanes £4.95 
TIZAA WHY SONIOE URGE 5 cisssscoistseciscineesssorisiinsisisosinecsenad £1.55 
AAA (HP16) 180MAH.........cceccsssceccsssseccsssseecssssseesssseeess £1.75 
aT renee v4 solder tags.... 





£2.60 
PPS 8: 4V TR OMAM  scscatsecsoscaceageacsehrsiscrtasinncstccsencain ace poal £4.95 
Sub C with Solder tags..........sccccccsscsssesssessessseecssecsseseeenevess £2.50 
1/3 AA with tags (Philips CTV)...........cccccsecsssssnecsnseneesseeseene £1.95 
Standard Charger, charges 4 AA cells in 5 hours or 4 Cs 
or Ds in 12 to 14 hours, plus 1xPP3 (1, 2, 3 or 4 cells may 
be Charged at a tie)...........eecsesseesseeeseesseeeneesteeneneeees £5.95 
High Power Charger, as above but charges the Cs and Ds in 
5 hours; AAs, Cs and Ds mustbe charged in twos or ‘ 
10. 


Nickel Metal Hydryde AA cells, high capacity with no memory. if 
charged at 100mA and discharged at 250mA or less 1100mAH 
capacity (lower capacity for high discharge rates)................. £3.75 

SPECIAL OFFERS - 
PLEASE CHECK FOR AVAILABILITY 

Stick of 4, 42mm x 16mm NiCad batteries,171mm x 16mm 
dia., with red and black l@AdS, 4°BV...eceesecessessesseeeees £5.95 

Five button cell, 6V 280mAH battery with wires 
(Varta 5 x 250DK) i sssttavuuseraatnsseizessstasaassiatetoatassestesspcatceses £2.45 

Shaded-pole motor, 240V a.c. 5mm x 20mm shaft, 
80mm x 60mm x 55mm, excluding the shaft, ............... £4.95 

115V a.c. 80V d.c. motor, 4mm x 22mm shaft, 50mm dia. x 
60mm long body (excluding the shaft) it has a replaceable 
thermal fuse and brushes................ £4.94each, £3.95 100 + 

7-Segment, common anode, I.e.d. display, 12mm 45p 

LM337K, TO3 case, Variable regulator..£1.95, 100+ £1.44 

GaAs F.E.T. low leakage current S8873 

£12.95 each, £9.95 10+, £7.95 100+ 

BS250 p-channel MOSFET 45p 

BC559 transistor... eececeseeeeteseeteteseeeeees £3.95 per 100 

BC547A transistor 20 for £1.00 

74LS05 Hex inverter £10.00 per 100 

Used 8748 Microcontroller...........ccecccceseseseseseeseeeseeeees £3.50 

SL952 UHF Limiting amplifier, LC 16 surface mounting 
package with data Sheet............. ce escssssseeseseetetenenees £1.95 

DC-DC Converter. Reliability model V12P5, 12V in, 5V 
200mA out, 300V input-to-output isolation, with data 
Figadlvsesbssassaadbssseesosesiieseetace £4.95 each or pack of 10 £39.50 


Hour Counter used 7 digit 240V a.c. 50Hz.................. £1.45 
QWERTY keyboard, 58-key, good quality 
SWINGS, THAW. 5) scp seesktscnce-assitscpcakaptc tbeasceediesecsasese £6.00 
Airpax A82903-C,large stepping motor 14V 7-5° step, 
27 ohm, 68mm dia. body, 6.3mm shatt.......£8.95 or £200 
for a box of 30 
Polyester capacitors, box type, 22.5mm lead pitch 
0-9nF 250V d.c. 18p each, 14p 100+, 9p 1000 + 
1,F 250V d.c. 20p each, 15p 100+, 10p 1000 + 
1,.F 50V bipolar electrolytic axial leads, 15p each, 7-5p 
1000 + 


0-22,.F 250V polyester axial leads, 15p each, 100 + 7-5p each 
Polypropylene 1).F 400V d.c. (Wima MKP10) 27.5mm pitch, 
32mm x 29mm x 17mm case, 75p each, 60p 100 + 
Philips 123 series solid aluminium axial leads, 
33uF 10V and 2:2.F 40V 40p each, 25p 100 + 
Philips 108 series, long life, 
22F 63V axial 30p each, 15p 1000 + 
Multilayer AVX ceramic capacitors, all 5mm pitch, 100V 
100pF, 150pF, 220pF, 10,000pF (10n) 10p each, 
5p 100+, 3.5p 1000+ 
500pF compression trimmer capacitor 
40,.F 370V a.c. motor start capacitor (dialectrol type 
CONTAINING NO P.C.D.S).......-sssesesseneecesees £5.95 or £49.50 for 10 
Solid carbon resistors, very low inductance, ideal for r-f. 
circuits, 27 ohm 2W, 68 ohm 2W 25p each, 
15p each 100 + 


We have a range of 0:25W, 0-5W, 1W and 2W solid carbon 
resistors — please send SAE for list 


P.C. 400W PSU (Intel part 201035-001) with standard 
motherboard and five disk drive connectors, fan and mains 
input/output connectors on back and switch on the side 
(top for tower case) dims. 212mm x 149mm x 149mm 
excluding switch, £26.00 each, £138.00 for 6 

MX180 Digital Multimeter 17 ranges, 1000V d.c. 
750V a.c. neem 200mA transistor Hfe 9V and 1-5V 
battery tes! £9.95 

AMD 37256. 3 EPROMs £2.00 each, £1.25 100 + 

DIP switch 3PCO 12-pin (ERG SDC-3-023) 

each, 40p 100+ 

Disk Drive Boxes for a 5-25 disk drive, with room for a power 
supply, lght-grey plastic 67mm x 268mm x 247mm £7.95 or 
£49.50 for 10 

Handheld Ultrasonic Remote Control.................0..0.06 £3.95 

CV2486 Gas Relay 30mm x 10mm dia. with 3-wire pigs 
will also work as a neon light 20p each, 
or £7.50 per 100 

Varbatim R300NH Streamer tape commonly used on nc 
machines and printing presses etc. It looks like a normal 
cassette with a slot cut out of the top 
seahstuanggtssstasialevdasenagscrbasead iaessn Sepik £4.95 each, £3.75 100 + 

Heatsink Compound Tube 

HV3-2405-E5 5V-24V 50mA Regulator i.c. 18V-264V a.c. 
input, 8-pin DIL package................. £3.49 each, 100+ £2.25 

LM555 timer i.c., 16p; 8-pin DIL socket, 6p 

All products advertised are new and unused 
unless otherwise stated. 


Wide range of CMOS TTL 74HC74F Linear, Transistors kits, 
rechargeable batteries, capacitors, tools etc. always in stock. 
Please add £1.95 towards P&P. VAT included in all prices 


JPG ELECTRONICS 


276-278 Chatsworth Road 
Chesterfield S40 2BH 
Access/Visa Orders: 

Tel: (01246) 211202 Fax: (01246)550959 


Callers welcome 9.30am to 5.30pm 
iN Col ato SY (omer-]Ulger-hy 





SHERWOOD ELECTRONICS 


FREECOMPONENTS —__ 
Buy 10 x £1 (ee Packs and choose another one FREE 


SP1 18 
SP2 
SP3 
SP6 
SP7 
SP8 
SP10 
SP11 
SP12 
SP13 
SP18 
SP19 
SP20 
SP21 
SP22 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP33 
SP36 
SP37 
SP39 
SP41 
SP42 
SP47 
SP48 
SP102 
SP103 
SP104 
SP105 
SP106 
SP112 
SP115 


5mm Red Leds 
5mm Green Leds 
5mm Yellow Leds 
3mm Red Leds 
3mm Green Leds 
3mm Yellow Leds 
1N4148 diodes 
1N4001 diodes 
1N4002 diodes 
Assorted radial elect. caps. 
BC182 transistors 
BC 183 transistors 
BC 184 transistors 
BC212 transistors 
BC214 transistors 
BC549 transistors 
Cmos 4001 
555 timers 
741 Op.amps 
Cmos 4011 
Cmos 4013 
Cmos 4081 
10/25V radial elect caps 
100/35V radial elect caps 
470/16V radial elect caps 
Mixed transistors 
Mixed 0.25W C.F. resistors 
Min. pushbutton switches 
Assorted axial elect. caps. 
8-pin DIL sockets 
14-pin DIL sockets 
16-pin DIL sockets 
74LS00 
74LS02 
Cmos 4093 
10mm Red Leds 
SP116 10mm Green Leds 
SP117 BC556 transistors 


RESISTOR PACKS -— C.Film 

5 each value — total 3650.25W £2.40 
10 each value - total 7300.25W £3.75 
1000 popular values 0.25W £6.00 
10 5 each value-total 3650.5W £3.40 
10 each value-total 730 0.5W £6.00 


RP3 
RP7 
RP10 
RP4 
RP8 


SP118 
SP119 
SP124 


SP125 


SP130 
SP131 
SP135 
SP137 


2 x Cmos 4047 
4 x Cmos 4072 
20 x Assorted ceramic disc 


caps. 
10 x 1000/16V radial elect 


caps. 

100 x Mixed 0.5W C.F. resistors 

2 x TLO71 Op.amps 

6 x Min. slide switches 

x W005 1.5A rectifiers 
SP138 x 2.2/50V rad. elect. caps. 
SP142 x Cmos 4017 
SP144 x TIP31A transistors 
SP145 x ZTX300 transistors 
SP147 x Stripboard 9 strips/ 
25 holes 
SP151 x 8mm Red Leds 
SP152 x 8mm Green Leds 
SP153 x 8mm Yellow Leds 
SP156 X Stripboard, 14 strips/ 
27 holes 

SP160 2N3904 transistors 
SP161 2N3906 transistors 
SP162 100K hor. trimpots 
SP165 LF351 Op.amps 
SP167 BC107 transistors 
SP168 BC 108 transistors 
SP173 220/25V rad. elect. caps 
SP175 1/63V radial elect caps 
SP182 4.7/50V radial elect caps 
SP183 BC547 transistors 
SP187 BC239 transistors 
SP192 Cmos 4066 
SP193 BC213 transistors 
SP194 0 x OA90 diodes 
SP195 3 x 10mm Yellow Leds 


Catalogue £1 inc. P&P or FREE 
with first order. 

P&P £1.25 per order. NO VAT. 
Orders to: 
Sherwood Electronics, 

7 Williamson St., Mansfield, 
Notts. NG19 6TD. 





HIGH QUALITY LOW COST 
C.C.T.V. CAMERA 


VERY LOW LIGHT LEVEL. 
AUTO ELECTRONIC SHUTTER. 
COMPOSITE VIDEO OUT VIA 
BNC PLUG. 

SMALL DISCRETE SIZE. 

CAN BE USED WITH PC DIGITISER. 


This super quality CCD camera 
can be connected into your exist- 
ing TV or video using the AV 
channel 


and can be used for 

discrete surveillance or observing 

your property externally using a suitable we dtieipicor housing. Can 
accommodate lighting levels ranging from daylight to street lighting using 
its built in electronic shutter. Excellent when using with an infra red source. 
Built in wide angle fixed focus lens the camera has a resolution of 380 TVL. 
Can be housed inside an empty floodlight case, (extra). 


Special offer price of only: £79.95 Plus VAT (P&P £3.50) 
For full range of CCTV products send SAE to: 
Direct CCTV Ltd., Dept. PE27., Unit 6, Carrick Court, Forest Grove 
Business Park, Middlesbrough, TS2 1QE. 





Millions of quality components 
at lowest ever prices! 


Plus anything from bankruptcy — theft recovery 
— frustrated orders — over production etc. 


NO VAT to add on. 
Send 43p stamped self addressed label or 
envelope for clearance lists. 


Brian J Reed 
6 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 
Tel: 0181-393 9055. Mail order UK only. 
Lists are updated and only 40 are sent out every 2 weeks. This 
normally ensures that orders can be fulfilled where only a few 
thousand of an item is available. (Payment is returned if sold out. | do 


not deal in credit notes). This will sometimes entail a delay of up to 
eight weeks — but the prices will be worth the wait! 
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THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 






THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: xindependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 


SIZES:- MXF200 W19"xH3"2" (2U)xD11” 
MXF400 W19"xH5"4" (3U)xD12” 
MXF600 W19"xH5"4" (3U)xD13” 
MXF900 W19"xH5"4" (3U)xD14%4” 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 





yo) 
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Advanced 3-Way Stereo Active Cross-Over, housed in a 19” x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 
* ECHO & SOUND EFFECTS* 


% SEIN i nrnnnnnere een nnn : 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph ei 

LED Vu meters. MANY OUTSTANDING ZS 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the $e 
following inputs:- 3 turntables (mag), 3 ie 
mics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P 









SIZE: 482 x 240 x 120mm 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 


_ TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
: bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
TYPE ‘B’ (KSN1005A) 3'2" super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 + 50p P&P. 

TYPE ‘C’ (KSN1016A) 2’x5” wide dispersion horn for quality Hi-Fi sys- 
® tems and quality discos etc. Price £6.99 + 50p P&P. 

TYPE ‘D’ (KSN1025A) 2’x6” wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 

TYPE ‘E’ (KSN1038A) 3%.” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 

LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 





TYPE ‘C' TYPE ‘E’ 





A new range of quality loudspeakers, designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12” cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 





OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 


THREE SUPERB HIGH POWER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
:. 400 WATTS (200 + 200) Stereo, 400W 

: Bridged Mono 

= ALL POWERS INTO 4 OHMS 

* Features: 

+ *& Stereo, bridgable mono * Choice of 
high & low level inputs * L & R level 
controls * Remote on-off * Speaker & 
thermal protection. 





PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 





SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 5}00mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
» -3dB, Damping Factor >300, Slew Rate 60V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 


LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 





ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8” 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10” 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97aB. PRICE £33.74 + £2.50 P&P 
10” 200 WATT R.M.S. ME10-200 GUITAR, KEYB’D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12” 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P 
12” 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P 
12” 200 WATT R.M.S. ME1 2-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
12” 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P 
15” 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99cB. PRICE £50.72 + £4.00 P&P 
15” 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8” 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97cB. PRICE £8.90 + £2.00 P&P 
10” 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10” 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96cB. 

12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

54" GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

62" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. 

8” 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P 
10” 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P 


PRICE £30.39 + £3.50 P&P 


PRICE £9.99 + £1.50 P&P 


PRICE £10.99 + 1.50 P&P 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP. 
PRICE £14.85 + £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY. 

PRICE £8.80 + £1.00 P&P 





PHOTO: 3W FM TRANSMITTER 








The new Maplin MPS catalogue is the essential Who said science had to be dull? Not us! The new 
electronic buyers’ guide. Featuring everything from combined Maplin MPS catalogue is bursting with 
cables, tools and test equipment to capacitors, exciting ideas - from a huge range of electronics 
switches and optoelectronic components. And now kits, cycle computers and navigation systems, to 
combining the entire Maplin and MPS product range Wes e bier eee daria ile 
under one cover, with volume price breaks, for the All at our best prices and with discounts for large 
first time ever. With over 2,000 N@W products to orders. Give your spare time a boost - reserve you 
choose from you won’t want to miss our new copy of the new Maplin MPS catalogue now. 


catalogue. Reserve your copy now. 


The new Maplin MPS catalogue is out September 1996 
reserve your copy now 


only £3.45 (free post & packing when you reserve your copy by 31 August) 


or visit your local Maplin store 


Also available from September at WH Smith and John Menzie 


MAPLIN - 35 locations throughout the UI 


Barnsley (Wombwell), Belfast, Birmingham, Bradford, Brighton, Bristol, Cardiff, Chatham, Coventry, 
Dudley, Edinburgh, Glasgow, Leeds, Leicester, Liverpool, London (Edgware), London (Forest Hill), 
London (Hammersmith), London (Ilford), Manchester (Cheetham Hill), Manchester (Oxford Road), 
MAPLIN ELECTRONICS plc, Middlesborough, Milton Keynes, Newcastle-Upon-Tyne, Northampton, Nottingham, Portsmouth, 
PO Box 3, Rayleigh, Essex SS6 8LR Preston, Reading, Sheffield, Slough, Southampton, Southend, Stockport, Stoke-on-Trent 





MAPLIN MONDO SUPERSTORE now open at 3 Regent Street, LEEDS. Look out for new stores opening in your area soot 


